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INTRODUCTION 
In a popcorn breeding program, the procedures and techniques used for 
breeding popcorn are similar to those used for breeding dent corn with some minor 
adjustments needed. The adjustments in popcorn breeding are due to the poorer 
agronomic traits performance of popcorn germplasm compared with dent corn 
germplasm. The reasons for the poorer agronomic traits of popcorn are: the limited 
effort focused on improvement of popcorn, agronomic traits of popcorn are not the 
most important traits emphasized in selection, and the base germplasm available for 
popcorn breeding program does not perform agronomically as well as the base dent 
corn germplasm (Ziegler, 1983). 
The most important quality trait evaluated by a popcorn breeder is popping 
expansion volume; defined as the volume of popped corn per gram of unpopped 
corn; therefore, improvement in this trait is considered the most important objective 
in popcorn breeding. High expansion volume is associated with increased kernel 
tenderness. Also, from a commercial standpoint, popcorn genotypes with high 
expansion volumes will produce more popped corn than genotypes with low 
expansion volumes. 
Improvement of popcorn agronomic traits has been slower than in dent corn 
because, in addition to agronomic traits such as yield, stalk strength, disease 
resistance, and insect resistance, popcorn breeders must also consider quality traits 
such as popping expansion, freedom from hulls, freedom from objectionable flavors, 
and texture and tenderness of the flakes (Ziegler, 1983). 
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Breeding efforts to improve popcorn’s agronomic traits has involved the 
incorporation of dent corn germplasm. Crumbaker et al. (1949) crossed dent corn x 
popcorn materials and found that low popping expansion volume and dent-type 
kernels were partially dominant over high popping volume and flint-type kernels. 
Their data also suggested that after two backcrosses to the popcorn recurrent parent 
with dent corn parent as the nonrecurring parent, the popping expansion was equal 
to that of the popcorn parent. Johnson and Elredge (1953) reported that some 
inbreds developed from one or two backcrosses of popcorn x dent corn progeny to 
popcorn had a good popping expansion and improved stalk strength. They 
concluded that is desirable to introduce dent corn germplasm into popcorn to 
improve traits such as yield and resistance to stalk and root lodging in popcorn. 
However, the expansion volume of the popcorn parent must be recovered during the 
introgression of dent corn germplasm into popcorn. Robbins and Ashman (1984) 
examined the use of other corn germplasm to improve the agronomic traits of 
popcorn and compared the incorporation of dent corn and flint corn into popcorn. In 
their studies, F2 and F3 generations were evaluated. Selection in the F2 generation 
for popping expansion should be successful with moderate selection intensity to 
maintain improved agronomic traits. Also recovery of popping expansion was about 
the same for the flint as for the dent sources of germplasm. Therefore the choice of 
germplasm should place more emphasis on agronomic traits that on kernel hardness 
traits. 
Compared to dent corn, popcorn kernels contain a high proportion of 
translucent (hard) endosperm relative to opaque (soft) endosperm. Starch contained 
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in translucent endosperm expands upon heating, while starch contained in opaque 
endosperm remains relatively unchanged (Hoseney et al., 1983, Ziegler, 1983). 
Hoseney et al, 1983 based on their studies or kernel evaluation concluded that, of all 
kernel characteristics studied, the proportion of translucent endosperm was most 
highly correlated with expansion volume. Breeders could achieve popcorn desirable 
characters including all of the attributes of a good cultivar of flint or dent corn and 
must include high expansion volume and tenderness. Both characters seem to be 
closely correlated. The absence of a coarse hull and the presence of good flavor are 
also desirable. 
The choice of breeding method, or methods, used is dependent on the goals 
of each individual breeding program, the germplasm being used, and the resources 
available. Another factor that might affect the choice of breeding method for popcorn 
improvement is that some popcorn hybrids today are still three-way-crosses, 
compared with dent corn, in which most present-day hybrids are single crosses. The 
main reason for the development of three-way-crosses in popcorn is the poorer 
agronomic performance of popcorn inbred lines relative to dent inbred lines (Ziegler, 
1983). 
Heritability is referred as the effectiveness of selection for a trait depending on 
the relative importance of genetic and non genetic factors of phenotypic differences 
among genotypes in a population (Fehr, 1991). 
Heritability interests plant breeders because traits with higher heritability can 
be improved more rapidly utilizing fewer sources than traits with lower heritability. 
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Heritability allows breeders to predict gain from different selection methods using the 
gain equation. 
Heritability can be defined as either broad-sense or narrow sense. Broad-
sense heritability ( 2bh ) is the ratio of the total genotypic variance (
2
G ) to the total 
phenotypic variance ( 2P )(
2 2 2
bh /G P  ). The total genotypic variance is the sum of 
the additive genetic, dominance, and epistatic variances ( 2 2 2 2G A D I      ). The 
total phenotypic variance is the sum of the genotypic, environmental, and the 
genotypic-by-environmental variances ( 2 2 2 2P G E GE      ). Narrow-sense heritability 
( 2nh ) is the ratio of additive genetic variance to the total phenotypic variance 
( 2 2 2nh /A P  ). Additive genetic variance (
2
A ), interests plant breeders because that 
is the portion of the genotype passed to the next generation (Hallauer and Miranda, 
1988). 
Heritability has been defined in multiple contexts and multiple levels (Hanson, 
1963). However, heritability estimates must be defined relative to the trait of interest, 
the population, and the environmental unit because these factors affect the estimate 
(Nyquist, 1991; Falconer and Mackay, 1966). In other words, gene frequencies 
affect all genetic components, and may fluctuate from one population to another 
yielding different heritability estimates of the same trait. Any change observed in the 
environmental variance influences the denominator of the heritability estimate. The 
experimental unit measured affects the denominator of the heritability estimate. In 
plant breeding experiments, the experimental unit of calculation may be individual 
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plants, plot means, progeny means, or entry means across replications and 
environments. 
Many methods have been developed to estimate heritability. Fisher (1918) 
suggested the use of parents and offspring to estimate heritability using the 
relationship 2 2/ 2G P  . In parent-offspring regression, researchers examine two 
groups of individuals, the parent and the offspring or mean of the offspring. Parent-
offspring regression can be a straightforward process with balanced data; i.e., 
meaning equal numbers of offspring are measured for each family. With balanced 
data, the statistical model is 0 1i i iy x      (Kempthorne and Tandom, 1953; 
Fernandez and Miller, 1985; Nyquist, 1991), 
where 
 iy   mean of progenies of i
th family; 
0   intercept; 
1   regression coefficient; 
ix   parental value of i
th family; and 
i   random error, independently and normally distributed with zero  
       mean. 
Regression ( 2/xy xb   )is also defined as the ratio of the standard deviation of XY to 
the variance of X where X is the independent variable, the parental value in this 
case, and Y is the dependent variable, the offspring. 
 6 
Depending on the relationship of individuals involved, two types of heritability 
estimates are available from regression. The estimates of 2 1h 2b are appropriate in 
cross-fertilizing species when half-sib offspring are regressed on one of the parental 
value and 1b  represents the regression coefficient. The other estimate of heritability 
from regression 2 1h b . This estimate is appropriate in cross-fertilizing species when 
full-sib progeny are regressed on the midparent value, or in self-fertilizing species, 
as in this study, when F1/F2 or F2/F3 combinations are used (Smith and Kinman, 
1965; Fernandez and Miller, 1985; Hallauer and Miranda, 1988). 
In maize (Zea mays L.), parent-offspring regression can be used to determine 
three estimates of heritability depending on the relationship of individuals in the 
study. According to Hallauer and Miranda (1988), the three types of estimates are 
(1) regression of selfed progeny on parents (2) regression of half-sibs on one 
parental value, and (3) regression of full-sib progeny on midparent value. This study 
used method (1) of estimating heritability. 
Detailed information on the inheritance of popping expansion in popcorn x 
dent corn crosses is not available in the literature. Early studies by Weaver and 
Thompson (1957), Robbins (1981), and Tirado-Soto et al., (1985) have shown that 
heritability estimates for popping expansion have ranged from 0.6 to 0.96. Lu et al., 
(2003) evaluated 160 S1 families developed from a (dent corn x popcorn) BC1 
population. The heritability for popping expansion volume on an S1 family mean 
basis was 0.73 with a popping expansion volume mean of 3.84 cm3g-1. 
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The objective of this study was to determine the heritability of popping expansion, 
expansion per kernel, and number of kernels in 10 g in a popcorn x dent corn F2 
population and based on replicated evaluation of their F3 progeny. 
MATERIALS AND METHODS 
Agronomy and Agricultural Engineering Research Center (AAERC), 2002 
Population 
The population selected for this study was derived from the cross of inbred 
lines B104 (dent corn) and 95:2 (popcorn). B104 and 95:2 were selected for this 
research because these lines differ for several traits including kernel size, popping 
expansion, ear length and number of ears per plant, plant height, and flowering date. 
B104, a stiff stalk dent corn inbred, was selected because previous to this study 
several dent lines were crossed to popcorn and this line was one of the poorest 
popping F1 hybrids (<200 cc/30 g). 95:2 is a popcorn inbred with high popping 
expansion (44.5 cc/g). 
Field Experiment 
The F1 generation kernels were made in 2001 at a breeding nursery located 
in the Popcorn Breeding Nursery near Ames, IA. F1 plants were grown and self-
pollinated in winter season 2001-2002 in the ISU Agronomy Department 
Greenhouse. The F2 generation were grown in Summer 2002 and self-pollinated to 
produce the F3 generation. Approximately 550 F2-generation plants and parental 
lines were planted in 3 m. rows with 0.75 m spacing between rows and 0.30 m 
spacing between hills at the ISU Agronomy and Agricultural Engineering Research 
Center (AAERC) on 20 May, 2002. Two kernels per hill were sown with a hand 
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planter and thinned to one plant per hill. Four rows of each parent and the F1 were 
planted at different times (relative to the F2 planting date) to estimate the within-row 
error variance. Because popcorn plants are expected to be prolific, more than one 
ear of each plant was self-pollinated to provide enough seed for evaluation of 
popping expansion and for planting the F3 generation in the Summers 2003 and 
2004. 
The date of anthesis was recorded as the date when 50% of the tassel in 
each F2 plant exerted anthers (pollen shed). The trait anthesis was defined as the 
number of days from the date of planting until the date of anthesis. This trait was 
determined in terms of growing degree-days (GDD). For the F2 generation, GDD 
were calculated from planting to anthesis, according to the formula [(Tmax. °C + 
Tmin. °C/2]-10°C. Tmin is a base temperature below which development is assumed 
to cease. In maize, the Tmin for the entire period from planting to maturity is usually 
set at 10°C. In addition, temperatures below 10°C and above 30°C are assumed to 
be ineffective for development and Tmax values above 30°C are set to 30°C and 
Tmin values below 10°C are set to 10°C (Cross and Zuber, 1972). 
All self-pollinated ears from each F2 plant were harvested by hand and dried 
for three days before shelling. The ears were shelled by hand and those plants with 
more than one self-pollinated ear were shelled together and the seed was bulked. 
The seed of each F2 line, the parental lines, and the F1 was placed into a 
conditioning room until the seed reached the optimum moisture content level of 14% 
to start conducting the popping expansion tests. 
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For popping expansion, the optimum procedure to produce the greatest 
popping expansion is to dry the F2 kernels to 14% moisture and to measure the 
popping expansion according to the methodology developed by The Iowa State 
University Popcorn Program. The method consists of popping a 30 g sample in an 
Amana Radarange (RCS720B) commercial microwave and measuring expansion in 
a 2000-ml graduated cylinder. 
Number of kernels in 10 g was measured by counting the number of kernels 
contained in a 10 g sample in each of the F2 plants. Expansion per kernel was 
recorded after counting the number of kernels in 10 g for each of the F2 plants, these 
values were multiplied by 3 to obtain an estimation of number of kernels in 30 g. 
Then the individual value of popping expansion for each F2 plant was divided by the 
number of kernels in 30 g to obtain popping expansion per kernel. 
Analysis of Phenotypic Data 
Row effects were assessed by proc NESTED (SAS Institute Inc. 1997), 
considering rows as a source of variation (estimating phenotypic and within-row 
variance plus among-row variance) and plants within a row as an estimator of the 
phenotypic and within-row variance. Rows were considered as fixed factors and 
plants within rows (nested) as random factors. 
The linear statistical model for a nested design is: 
( ) ( )ijk i j i ij kY R P       
Where:    overall mean 
  iR   the i
th row effect  
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  ( )j iP   the j
th plant effect within the ith row effect 
Considering rows as fixed effects and plants within rows (nested) as random 
factors, then the ANOVA table for a nested design is: 
 Source df   EMS 
 Rows  1R     2 2R   
Plants  ( 1)R P    2 2PR   
 Error  ( 1)( 1)R P    2   
The effectiveness of selection for a quantitative trait is dependent on the 
magnitude of the genetic and non-genetic factors in the expression of phenotypic 
differences in a population (Fehr, 1991). Broad sense heritability (H2) was calculated 
according to Allard (1966) to estimate the total phenotypic variability due to genetic 
effects (Appendix 1, Equation 1). The within-row F2 variance was estimated by 
pooling within-row variances of the parents and F1 rows (Appendix 1, Equation 2). 
The variances of the parents and the F1 used for this calculation came from data of a 
14 x 14 lattice design established in the Summer of 2003 at the AAERC. Data from 
these genotypes established in 2003 were used for this experiment because in 2002 
data were not available. Error variance among rows was estimated in the F2 
population by adding together the within and among row variances (Appendix 1, 
Equation 3). Genetic variation was estimated by subtracting the within- and among-
row variances from the phenotypic variance (Appendix 1, Equation 4). 
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Simple-Pearson phenotypic correlations among popping expansion, popping 
expansion per kernel, number of kernels in 10 g, and heat units (GDD) were 
calculated to estimate the relationship among traits (Appendix 1, Equation 5). 
RESULTS 
In Table 1, Appendix 1 trait means for the parents, F1 and F2 progeny are 
presented. Overall, the inbred popcorn parent (95:2) showed the highest values for 
all the traits evaluated. With the purpose to examine whether plants from B104 x 
95:2 population were randomly selected, the Anderson-Darling test for normality test 
was performed on the 189 F2 plants data (Lorenzen and Anderson, 1993) for the 
variables popping expansion, popping expansion per kernel, and number of kernels 
in 10 g using proc UNIVARIATE in SAS. The level of probability used to detect 
evidence for non-normality was P ≤ 0.05. The B104 x 95:2 population had evidence 
of normality for all the traits evaluated, so the assumption of random sampling 
generally holds true. In the F2 progeny selected, coefficients of skewness ( 1 ) for 
popping expansion, popping expansion per kernel, and number of kernels in 10 g, 
were 0.66, 0.66, and 0.53, respectively. For all the traits evaluated, the skewness 
was toward the highest values observed in 95:2 the inbred popcorn parent (Figures 
1, 2, and 3, Appendix 1). Transgressive segregants were observed for all the traits 
evaluated. The values for the traits recorded in the F2 progeny were not within the 
range of the parents’ mean values. Broad sense heritabilities were 0.88, 0.85, and 
0.61, for popping expansion, expansion per kernel, and number of kernels in 10 g 
(Table1, Appendix 1). 
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Number of kernels in 10 g and popping expansion per kernel were positively 
correlated with popping expansion (0.32 and 0.96, respectively), however, no 
significant association was found between number of kernels in 10 g and popping 
expansion (0.082) (Table 2, Appendix 1). 
DISCUSSION 
 Phenotypic variation in segregating hybrid populations has reported the 
presence of phenotypes that are extreme relative to those of either parental line. The 
generation of these extreme phenotypes is referred as transgressive segregation. 
Transgressive segregation is a phenomenon specific to segregating hybrid 
generations and refers to the fraction of individuals that exceed parental phenotypic 
values in either a negative or positive direction (Rieseberg et al., 1999). 
Transgressive segregation was observed in all the variables evaluated: popping 
expansion, popping expansion per kernel, and number of kernels in 10 g.  For 
popping expansion and number of kernels in 10 g, some genotypes exceeded the 
parental phenotypic value for the dent corn parent B104, so the direction of the 
effect was negative (less popping expansion). Popping expansion per kernel showed 
two fractions of genotypes falling into two different directions; one of these fractions 
exceeded the phenotypic value observed for B104 (negative effect) and the other 
fraction fell beyond the phenotypic value for the popcorn parent 95:2 (positive 
effect). Numerous explanations have been offered to account for observations of 
transgressive phenotypes in segregating hybrid populations (Buerkle, 2000; Lowe, 
2004), the most viable explanation for transgressive segregation in this population is 
the one that mentions the complementary action of additive alleles that are 
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dispersed between the parental lines. This explanation also assumes that parental 
lines are fixed for sets of alleles that have opposing effects within lines. If this is the 
case for this population, then extreme phenotypes are the predicted result of 
recombination in segregating hybrid generations. 
 Phenotypic selection for popping expansion and other traits related is 
laborious and time consuming. Phenotypic correlations between traits in a popcorn 
population let breeders know how traits are related and allow them to develop 
breeding methods according to the desirable characters of a good cultivar including 
high popping expansion and tenderness. The correlation coefficient between 
popping expansion and popping expansion per kernel suggests that it would be 
feasible to develop germplasm which combines both high popping expansion of 
popcorn and high grain yield of dent corn as result of as short-term breeding term 
effort. The high heritability of popping expansion (H2  = 0.88) (Weaver and 
Thompson, 1957; Robbins, 1981: Robbins and Ashman, 1984; Tirado-Soto et al., 
1985) would facilitate popcorn breeders to develop long term genetic improvement 
combining desirable attributes of popcorn and dent corn. 
MATERIALS AND METHODS 
Agronomy and Agricultural Engineering Research Center (AAERC), 2003 
Field Experiment 
One hundred and eighty nine F2:3  lines previously selected in 2002, two 
entries of each parental line (95:2 and B104), and three entries of the F1, were 
planted in 3 m long single-row plots with 0.75 m spacing between rows, at a rate of 
24 kernels/plot in a 14 by 14 lattice design with two replications at the ISU Agronomy 
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and Agricultural Engineering Research Center (AAERC) on 19 May, 2003. Two 
kernels per hill were sown with a hand planter and thinned to one plant per hill. Eight 
plants in each plot were self-pollinated to provide enough seed for evaluation of 
popping expansion. 
The date of anthesis was recorded as the date when 50% of the plants in a 
plot exerted anthers (pollen shed). The trait anthesis was defined as the number of 
days from the date of planting until the date of anthesis. This trait was determined in 
terms of growing degree-days (GDD). For the F3 generation, GDD were calculated 
from planting to anthesis, according to the formula [(Tmax. °C + Tmin. °C/2]-10°C. 
Tmin is a base temperature below which development is assumed to cease. In 
maize, the Tmin for the entire period from planting to maturity is usually set at 10°C. 
In addition, temperatures below 10°C and above 30°C are assumed to be ineffective 
for development and Tmax values above 30°C are set to 30°C and Tmin values 
below 10°C are set to 10°C (Cross and Zuber, 1972). 
All self-pollinated ears from each plot were harvested by hand and dried for 
three days before shelling. The ears were shelled and the seed was bulked. The 
bulked seed of each F3 line, the parental lines, and the F1 was placed into a 
conditioning room until the seed reached the optimum moisture content level of 14% 
to start conducting the popping expansion tests. 
For popping expansion, the optimum procedure to produce the greatest 
popping expansion is to dry the F3 kernels to 14% moisture and to measure the 
popping expansion according to the methodology developed by The Iowa State 
University Popcorn Program. The method consists of popping a 30 g sample in an 
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Amana Radarange (RCS720B) commercial microwave and measuring expansion in 
a 2000-ml graduated cylinder. 
Number of kernels in 10 g was measured by counting the number of kernels 
contained in a 10 g sample in each of the F3 lines. Expansion per kernel was 
recorded after counting the number of kernels in 10 g for each of the F3 lines, these 
values were multiplied by 3 to obtain an estimation of number of kernels in 30 g. 
Then the individual value of popping expansion for each F3 line was divided by the 
number of kernels in 30 g to obtain popping expansion per kernel. 
Analysis of Phenotypic Data 
The data for AEERC collected in 2003 were analyzed by proc MIXED (SAS 
Institute Inc. 1997). Complete and incomplete blocks, and F3 lines were considered 
to be random effects. 
The linear statistical model for a lattice design is: 
( ) ( )ijk i j i k ij kY R B G        
Where:    overall mean 
  iR   the i
th replication effect  
  ( )j iB   the j
th block effect within the ith replication effect 
  kG   the k
th genotype effect 
  ( )ij k   error effect (N,    0, 
2   1) 
Considering complete and incomplete blocks and F3 lines as random effects, 
then the ANOVA table for a lattice design is: 
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 Source  df   EMS 
 Replication  1R      
 Block   ( 1)R B    2 2B   
Genotype  1G     2 2G   
 Error   ( 1)( 1)R G    2   
Data collected from 95:2, B104, and the F1 were not included in the 
estimation of variance components, heritabilities, regressions, and correlations. 
Broad sense heritability (H2) on an entry-plot basis was calculated according 
to Allard (1966) to estimate the total phenotypic variability due to genetic effects 
(Appendix 2, Equation 1). The corresponding 95% confidence intervals for 
heritability (H2) estimates on an entry-plot basis were calculated according to Knapp 
et al. (1985):  
UCL = 1-[(R)(F0.975:dgenotype, dferror)]-1; and 
LCL = 1-[(R)(F0.025:dferror, dfgenotype)]-1, 
Where UCL is the upper confidence limit and LCL is the lower confidence limit. 
Overload (R) is the F statistic to test the null hypothesis that genetic variance is zero. 
Approximate standard errors (SE) of heritability estimates on an entry-plot basis 
were calculated according to Hallauer and Miranda (1981) and Mode and Robinson 
(1959). 
Heritability from parent-offspring regression was performed by using Proc 
REG in SAS. The model used was 0 1i i iy x     . The parent (F2) value, given in 
Appendix 6, Tables 5, 6, 7, and 8 was the independent variable and the progeny (F3) 
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value was the dependent variable (Appendix 6, Tables 5, 6, 7, and 8). Regression 
analysis was done for each trait. The residual versus predicted plots were 
constructed for each regression. All regression graphs are included in Appendix 2. 
Heritability estimates were obtained from 1ˆ . Confidence intervals of the heritability 
estimates were calculated using the equation: (1 / 2 )1ˆCI = jt S  . 
Nonlinearity of the model was tested using the lack of fit (LOF) procedure 
proposed by Steel et al. (1997) and Draper and Smith (1966). The model was 
considered nonlinear when LOF p-value≥0.05. 
Simple-Pearson phenotypic correlations using proc CORR in SAS among 
popping expansion, popping expansion per kernel, number of kernels in 10 g, and 
heat units (GDD) were calculated to estimate the relationship among traits 
(Appendix 2, Equation 2). 
MATERIALS AND METHODS 
Curtiss Farm, 2003 
Field Experiment 
One hundred and eighty nine F2:3 lines previously selected in 2002, two 
entries of each parental line (95:2 and B104), and three entries of the F1, were 
planted in 3 m long single-row plots with 0.75 m spacing between rows, at a rate of 
24 kernels/plot in a 14 by 14 lattice design with one replication at the ISU Curtiss 
Farm on 17 May, 2003. Due to the field limitations, the entries were laid out in 20 
row-wide blocks. Two kernels per hill were sown with a hand planter and thinned to 
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one plant per hill. Eight plants in each plot were self-pollinated to provide enough 
seed for evaluation of popping expansion. 
The date of anthesis was recorded as the date when 50% of the plants in a 
plot exerted anthers (pollen shed). The trait anthesis was defined as the number of 
days from the date of planting until the date of anthesis. This trait was determined in 
terms of growing degree-days (GDD). For the F3 generation, GDD were calculated 
from planting to anthesis, according to the formula [(Tmax. °C + Tmin. °C/2]-10°C. 
Tmin is a base temperature below which development is assumed to cease. In 
maize, the Tmin for the entire period from planting to maturity is usually set at 10°C. 
In addition, temperatures below 10°C and above 30°C are assumed to be ineffective 
for development and Tmax values above 30°C are set to 30°C and Tmin values 
below 10°C are set to 10°C (Cross and Zuber, 1972). 
All self-pollinated ears from each plot were harvested by hand and dried for 
three days before shelling. The ears were shelled and the seed was bulked. The 
bulked seed of each F3 line, the parental lines, and the F1 was placed into a 
conditioning room until the seed reached the optimum moisture content level of 14% 
to start conducting the popping expansion tests. 
For popping expansion, the optimum procedure to produce the greatest 
popping expansion is to dry the F3 kernels to 14% moisture and to measure the 
popping expansion according to the methodology developed by The Iowa State 
University Popcorn Program. The method consists of popping a 30 g sample in an 
Amana Radarange (RCS720B) commercial microwave and measuring expansion in 
a 2000-ml graduated cylinder. 
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Number of kernels in 10 g was measured by counting the number of kernels 
contained in a 10 g sample in each of the F3 lines. Expansion per kernel was 
recorded after counting the number of kernels in 10 g for each of the F3 lines, these 
values were multiplied by 3 to obtain an estimation of number of kernels in 30 g. 
Then the individual value of popping expansion for each F3 line was divided by the 
number of kernels in 30 g to obtain popping expansion per kernel. 
Analysis of Phenotypic Data 
Because the experiment did not meet one of the characteristics of a lattice 
design of having 14 row-wide blocks, the experiment was analyzed as a randomize 
complete block design by analyzing together the data collected in the AAERC and 
Curtiss Farm in 2003. The data were analyzed by proc MIXED (SAS Institute Inc. 
1997). Block and genotypes were considered to be random effects. 
The linear statistical model for a randomize complete block (RCBD) design is: 
( )ii j jYij           
Where:    overall mean 
 i   the ith block effect  
j   the jth genotype effect 
      ( )ij   the block x genotype effect  
Considering blocks and entries (genotypes) as random effects, then the 
ANOVA table for a RCBD is: 
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 Source  df   EMS 
 Blocks  I 1    2 2b   
Genotypes  J 1    2 2g   
Block x genotypes (I 1)(J 1)    2  
Data collected from 95:2, B104, and the F1 were not included in the 
estimation of variance components, heritabilities, regressions, and correlations. 
Broad sense heritability (H2) on an entry-plot basis was calculated according 
to Allard (1966) to estimate the total phenotypic variability due to genetic effects 
(Appendix 3, Equation 1). The corresponding 95% confidence intervals for 
heritability (H2) estimates on an entry-plot basis were calculated according to Knapp 
et al. (1985):  
UCL = 1-[(R)(F0.975:dgenotype, dferror)]-1; and 
LCL = 1-[(R)(F0.025:dferror, dfgenotype)]-1, 
Where UCL is the upper confidence limit and LCL is the lower confidence limit. R is 
the F statistic to test the null hypothesis that genetic variance is zero. Approximate 
standard errors (SE) of heritability estimates on an entry-plot basis were calculated 
according to Hallauer and Miranda (1981) and Mode and Robinson (1959). 
Heritability from parent-offspring regression was performed by using Proc 
REG in SAS. The model used was 0 1i i iy x     . The parent (F2) value, given in 
Appendix 6, Tables 5, 6, 7, and 8 was the independent variable and the progeny (F3) 
value was the dependent variable (Appendix 6, Tables 5, 6, 7, and 8). Regression 
analysis was done for each trait. The residual versus predicted plots were 
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constructed for each regression. All regression graphs are included in Appendix 2. 
Heritability estimates were obtained from 1ˆ . Confidence intervals of the heritability 
estimates were calculated using the equation: (1 / 2 )1ˆCI = it S  . 
Nonlinearity of the model was tested using the lack of fit (LOF) procedure 
proposed by Steel et al. (1997) and Draper and Smith (1966). The model was 
considered nonlinear when LOF p-value≥0.05. 
Simple-Pearson phenotypic correlations using proc CORR in SAS among 
popping expansion, popping expansion per kernel, number of kernels in 10 g, and 
heat units (GDD) were calculated to estimate the relationship among traits 
(Appendix 3, Equation 2). 
MATERIALS AND METHODS 
Agronomy and Agricultural Engineering Research Center (AAERC), 2003 
Field Experiment 
One hundred and eighty nine F2:3 lines previously selected in 2002, two 
entries of each parental line (95:2 and B104), and three entries of the F1, were 
planted in 3 m long single-row plots with 0.75 m spacing between rows, at a rate of 
24 kernels/plot in a 14 by 14 lattice design with two replications at the ISU Agronomy 
and Agricultural Engineering Research Center (AAERC) on 12 May, 2003. Two 
kernels per hill were sown with a hand planter and thinned to one plant per hill. Eight 
plants in each plot were self-pollinated to provide enough seed for evaluation of 
popping expansion. 
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The date of anthesis was recorded as the date when 50% of the plants in a 
plot exerted anthers (pollen shed). The trait anthesis was defined as the number of 
days from the date of planting until the date of anthesis. This trait was determined in 
terms of growing degree-days (GDD). For the F3 generation, GDD were calculated 
from planting to anthesis, according to the formula [(Tmax. °C + Tmin. °C/2]-10°C. 
Tmin is a base temperature below which development is assumed to cease. In 
maize, the Tmin for the entire period from planting to maturity is usually set at 10°C. 
In addition, temperatures below 10°C and above 30°C are assumed to be ineffective 
for development and Tmax values above 30°C are set to 30°C and Tmin values 
below 10°C are set to 10°C (Cross and Zuber, 1972). 
All self-pollinated ears from each plot were harvested by hand and dried for 
three days before shelling. The ears were shelled and the seed was bulked. The 
bulked seed of each F3 line, the parental lines, and the F1 was placed into a 
conditioning room until the seed reached the optimum moisture content level of 14% 
to start conducting the popping expansion tests. 
For popping expansion, the optimum procedure to produce the greatest 
popping expansion is to dry the F3 kernels to 14% moisture and to measure the 
popping expansion according to the methodology developed by The Iowa State 
University Popcorn Program. The method consists of popping a 30 g sample in an 
Amana Radarange (RCS720B) commercial microwave and measuring expansion in 
a 2000-ml graduated cylinder. 
Number of kernels in 10 g was measured by counting the number of kernels 
contained in a 10 g sample in each of the F3 lines. Expansion per kernel was 
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recorded after counting the number of kernels in 10 g for each of the F3 lines, these 
values were multiplied by 3 to obtain an estimation of number of kernels in 30 g. 
Then the individual value of popping expansion for each F3 line was divided by the 
number of kernels in 30 g to obtain popping expansion per kernel. 
Analysis of phenotypic data 
The data for AEERC collected in 2004 were analyzed by proc MIXED (SAS 
Institute Inc. 1997). Complete and incomplete blocks, and F3 lines were considered 
to be random effects. 
The linear statistical model for a lattice design is: 
( ) ( )ijk i j i k ij kY R B G        
Where:    overall mean 
  iR   the i
th replication effect  
  ( )j iB   the j
th block effect within the ith replication effect 
  kG   the k
th genotype effect 
  ( )ij k   error effect (N,    0, 
2   1) 
Considering complete and incomplete blocks and F3 lines as random effects, 
then the ANOVA table for a lattice design is: 
 Source  df   EMS 
 Replication  1R      
 Block   ( 1)R B    2 2B   
Genotype  1G     2 2G   
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 Error   ( 1)( 1)R G    2   
Data collected from 95:2, B104, and the F1 were not included in the 
estimation of variance components, heritabilities, regressions, and correlations. 
Broad sense heritability (H2) on an entry-plot basis was calculated according 
to Allard (1966) to estimate the total phenotypic variability due to genetic effects 
(Appendix 2, Equation 1). The corresponding 95% confidence intervals for 
heritability (H2) estimates on an entry-plot basis were calculated according to Knapp 
et al. (1985):  
UCL = 1-[(R)(F0.975:dgenotype, dferror)]-1; and 
LCL = 1-[(R)(F0.025:dferror, dfgenotype)]-1, 
Where UCL is the upper confidence limit and LCL is the lower confidence limit. R is 
the F statistic to test the null hypothesis that genetic variance is zero. Approximate 
standard errors (SE) of heritability estimates on an entry-plot basis were calculated 
according to Hallauer and Miranda (1981) and Mode and Robinson (1959). 
Heritability from parent-offspring regression was performed by using Proc 
REG in SAS. The model used was 0 1i i iy x     . The parent (F2) value, given in 
Appendix 6, Tables 5, 6, 7, and 8 was the independent variable and the progeny (F3) 
value was the dependent variable (Appendix 6, Tables 5, 6, 7, and 8). Regression 
analysis was done for each trait. The residual versus predicted plots were 
constructed for each regression. All regression graphs are included in Appendix 4. 
Heritability estimates were obtained from 1ˆ . Confidence intervals of the heritability 
estimates were calculated using the equation: (1 / 2 )1ˆCI = it S  . 
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Nonlinearity of the model was tested using the lack of fit (LOF) procedure 
proposed by Steel et al. (1997) and Draper and Smith (1966). The model was 
considered nonlinear when LOF p-value≥0.05. 
Simple-Pearson phenotypic correlations using proc CORR in SAS among 
popping expansion, popping expansion per kernel, number of kernels in 10 g, and 
heat units (GDD) were calculated to estimate the relationship among traits 
(Appendix 2, Equation 2). 
MATERIALS AND METHODS 
Agronomy and Agricultural Engineering Research Center (AAERC), 2003 - 
2004 
Field Experiment 
The experiments established in a 14 by 14 lattice design with two replications 
at the ISU Agronomy and Agricultural Engineering Research Center (AAERC) in 
2003 and 2004 were combined and statistically analyzed. 
The date of anthesis was recorded as the date when 50% of the plants in a 
plot exerted anthers (pollen shed). The trait anthesis was defined as the number of 
days from the date of planting until the date of anthesis. This trait was determined in 
terms of growing degree-days (GDD). For the F3 generation, GDD were calculated 
from planting to anthesis, according to the formula [(Tmax. °C + Tmin. °C/2]-10°C. 
Tmin is a base temperature below which development is assumed to cease. In 
maize, the Tmin for the entire period from planting to maturity is usually set at 10°C. 
In addition, temperatures below 10°C and above 30°C are assumed to be ineffective 
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for development and Tmax values above 30°C are set to 30°C and Tmin values 
below 10°C are set to 10°C (Cross and Zuber, 1972). 
All self-pollinated ears from each plot were harvested by hand and dried for 
three days before shelling. The ears were shelled and the seed was bulked. The 
bulked seed of each F3 line, the parental lines, and the F1 was placed into a 
conditioning room until the seed reached the optimum moisture content level of 14% 
to start conducting the popping expansion tests. 
For popping expansion, the optimum procedure to produce the greatest 
popping expansion is to dry the F3 kernels to 14% moisture and to measure the 
popping expansion according to the methodology developed by The Iowa State 
University Popcorn Program. The method consists of popping a 30 g sample in an 
Amana Radarange (RCS720B) commercial microwave and measuring expansion in 
a 2000-ml graduated cylinder. 
Number of kernels in 10 g was measured by counting the number of kernels 
contained in a 10 g sample in each of the F3 lines. Expansion per kernel was 
recorded after counting the number of kernels in 10 g for each of the F3 lines, these 
values were multiplied by 3 to obtain an estimation of number of kernels in 30 g. 
Then the individual value of popping expansion for each F3 line was divided by the 
number of kernels in 30 g to obtain popping expansion per kernel. 
Analysis of Phenotypic Data 
The data for AEERC collected in 2003 and 2004 were analyzed by proc 
MIXED (SAS Institute Inc. 1997). Complete and incomplete blocks, and F3 lines 
were considered to be random effects. 
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The linear statistical model for a combined design is: 
( )ijk i j ij ik ijkY E G GE R E        
Where:      overall mean 
   iE   the ith environment effect 
   jG   the Gjth genotype effect 
ijGE   the ijth genotype x environment effect 
        ( )ikR E   the jkth replication within environment effect 
             ijk   error effect (N,    0, 
2   1) 
Considering complete and incomplete blocks and F3 lines as random effects, 
then the ANOVA table for a lattice design is:  for a combined design is: 
 
Source df   EMS 
Env  1E     2 2 2 2E R GE EMS          
Gen  1G     2 2 2G GE GMS        
Gen x Env ( ) 1GxE    2 2GxE GEMS       
Rep(Env) ( 1)R E    2 2R RMS        
Error  ( 1)( 1)E R G   2EMS    
Data collected from 95:2, B104, and the F1 were not included in the 
estimation of variance components, heritabilities, regressions, and correlations. 
Broad sense heritability (H2) on an entry-mean basis was calculated 
according to Allard (1966) to estimate the total phenotypic variability due to genetic 
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effects (Appendix 5, Equation 1). The corresponding 95% confidence intervals for 
heritability (H2) estimates on an entry-plot basis were calculated according to Knapp 
et al. (1985):  
UCL = 1-[(R)(F0.975:dgenotype, dferror)]-1; and 
LCL = 1-[(R)(F0.025:dferror, dfgenotype)]-1, 
Where UCL is the upper confidence limit and LCL is the lower confidence limit. R is 
the F statistic to test the null hypothesis that genetic variance is zero. Approximate 
standard errors (SE) of heritability estimates on an entry-mean basis were calculated 
according to Hallauer and Miranda (1981) and Mode and Robinson (1959). 
Heritability from parent-offspring regression was performed by using Proc 
REG in SAS. The model used was 0 1i i iy x     . The parent (F2) value, given in 
Appendix 6, Tables 5, 6, 7, and 8 was the independent variable and the progeny (F3) 
value was the dependent variable (Appendix 6, Tables 5, 6, 7, and 8). Regression 
analysis was done for each trait. The residual versus predicted plots were 
constructed for each regression. All regression graphs are included in Appendix 4. 
Heritability estimates were obtained from 1ˆ . Confidence intervals of the heritability 
estimates were calculated using the equation: (1 / 2 )1ˆCI = it S  . 
Nonlinearity of the model was tested using the lack of fit (LOF) procedure 
proposed by Steel et al. (1997) and Draper and Smith (1966). The model was 
considered nonlinear when LOF p-value≥0.05. 
Simple-Pearson phenotypic correlations using proc CORR in SAS among 
popping expansion, popping expansion per kernel, number of kernels in 10 g, and 
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heat units (GDD) were calculated to estimate the relationship among traits 
(Appendix 5, Equation 2). 
RESULTS AND DISCUSSION 
In this section are presented the results and discussion for the experiments 
established in 2003 at the AAERC and the Curtiss Farm, 2004 at the AAERC, and 
the combined analysis over years 2003 and 2004 for the AAERC. 
Linearity of regression for parent (F2)-offspring (F3) regression showed 
evidence of linearity for all the popping expansion traits evaluated in 2003 and 2004 
in AAERC and Curtiss Farm. Heritability estimates from regression for all traits of 
interest were found directly from the regression coefficient. Heritability estimates and 
corresponding confidence intervals are given in Table 9, Appendix 6 for each trait at 
every environment and the combined heritability estimate across environments. 
Popping expansion had consistent heritability across environments as shown 
in Table 9, Appendix 6. The combined heritability estimate was 0.85 (0.82, 0.88). 
Detailed information on the inheritance of popping expansion in popcorn x dent corn 
populations is not available in the literature using parent-offspring regression, 
however, the heritability estimates previously reported by Thompson (1957), 
Robbins (1981), and Tirado-Soto et al. (1985) have shown that heritability estimates 
for popping expansion have ranged from 0.6 to 0.96. The combined heritability 
estimate for popping expansion for this study was 0.85 which indicates that this 
estimate is in the range of heritability previously reported. These four studies 
indicate that gain in selection for popping expansion could be accomplished. 
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A discrepancy did arise in the heritability estimates for popping expansion per 
kernel. The estimate was 0.47 (0.42, 0.51) at AAERC, 2003 and 0.47 (0.43, 0.50 at 
Curtiss Farm, 2003, and 0.60 (0.57, 0.64) at AAERC, 2004. A possible explanation 
to these results is the fact that the parents (F2 generation) were grown and 
measured in Ames so the presence of environmental correlation may exist that could 
upwardly bias the results. 
Heritability estimates for number of kernels in 10 g have not been reported in 
the literature. For this study, the heritability estimates for number of kernels in 10 g 
showed consistent heritability across environments as shown in Table 9, Appendix 
6. The heritability estimates combined across environments was 0.77. Since in this 
study F2 and F3 generations were evaluated, selection in the F2 generation for 
popping expansion traits should be practiced with moderate selection to maintain 
improved agronomic traits (Ashman, 1984).  
F3 generation heritability estimates across environments from components of 
variance were computed to compare with the heritability estimates obtained from 
parent-offspring regression. The heritability estimates are given in Table 10, 
Appendix 6. Overall, for each trait, the heritability from the components of variance 
are higher than those observed from parent-offspring regression. The explanation to 
this is because parent-offspring regression measures narrow-sense heritability while 
F3 generation estimates are in the broad sense. Another possible explanation is the 
fact  that components of variance heritabilities obtained are a ratio of the covariance 
of full-sibs in the F3 generation to the phenotypic variance of full-sib families while 
parent-offspring regression is a ratio of the parent-offspring covariance to the parent-
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phenotypic variance. The heritability estimate for popping expansion obtained from 
components of variance is higher than that one obtained in a S1 family reported by 
Lu et al. (2003). Also, the heritability estimates for the popping expansion traits are 
within the range (0.6 – 0.96) reported by Weaver and Thompson (1957), Robbins 
(1981), and Tirado-Soto (1985). The heritability estimates obtained in the F3 
generation were not so different than those obtained in the F2 generation (Table 1, 
Appendix 1) with the exception of the heritability estimate for number of kernels 
which was higher in the F3 generation than the one obtained in the F2 generation. 
Previous results reported by Ashman (1984) have shown that selection in the F2 
generation for popping expansion should be successful and small improvement is 
observed in subsequent generations of inbreeding. 
Broad sense heritability estimates for each trait at individual environments 
were computed using unadjusted means. The variance components used to 
calculate the heritability estimates are included in Table 2, Appendixes 2, 3, and 4. 
The estimates and confidence intervals for each estimate are given in Table 11, 
Appendix 6. In general, the heritability estimates from the components of variance 
were higher than the heritability estimates from parent-offspring regression in all 
cases. A possible explanation of this is because parent-offspring regression is a 
measure of narrow-sense heritability and the component of variance is a measure of 
broad-sense heritability. Another possible explanation is the fact that unadjusted 
means were used in the components of variance heritability estimates which 
decrease the precision of the estimate. Transgressive segregants were observed for 
all the traits in all the environments evaluated. Overall, heritabilities from the 
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components of variance analysis for the popping expansion traits were stable in 
AAERC, 2003 and AAERC, 2004 (Table 11, Appendix 6) but not at the Curtiss Farm 
were smaller heritability estimates were obtained. This demonstrates the effect 
environment can have on the phenotype and the need for replication at different 
environments to obtain precise estimates. 
Simple phenotypic correlations in the F3 generation were performed for each 
trait to estimate the relationship among traits. The correlation coefficients are given 
in Table 3, Appendixes 2, 3, and 4 at individual environments, and Table 3, 
Appendix 5 across environments. Overall, popping expansion traits were correlated 
at individual environments and across environments. In all cases, popping 
expansion, popping expansion per kernel, and number of kernels were positively 
correlated (P≤0.01) among them. Since phenotypic selection for popping expansion 
and other agronomic traits related (i.e. yield) is a laborious and time consuming, 
phenotypic correlations among traits in a popcorn population let breeders know how 
traits are related and allow them to develop breeding methods according to the 
desirable characters of a good cultivar including high popping expansion and 
tenderness. The correlation coefficients obtained in this research for all the popping 
expansion traits suggest that  it would be feasible to develop germplasm which 
combines both high popping expansion of popcorn and high grain yield of dent corn 
as result of as short-term breeding term effort. 
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CONCLUSIONS 
Heritability estimates for the same trait in the same population vary depending 
on the type of heritability computed. However, heritability estimates must be defined 
relative to the trait of interest, the population, and the environment unit because 
these factors affect the estimates. 
Parent-offspring regression is a measure of narrow-sense heritability and is 
not inflated by non-additive components of variance, such as dominance. 
Assumptions must be met to correctly interpret the results from parent-offspring 
regression; however, no environmental correlation was met for this study. The 
discrepancy did arise in the heritability estimates for popping expansion per kernel. 
The parents (F2) were grown and measured in at the AEERC in 2002 and the 
offspring (F3) were also grown and measured in 2003 and 2004 at AEERC, which 
gave upwardly biased heritability estimates for AEERC. This can be seen in the 
comparison of the estimate of popping expansion was 0.47 (0.42, 0.51) at AAERC, 
2003 and 0.47 (0.43, 0.50 at Curtiss Farm, 2003, and 0.60 (0.57, 0.64) at AAERC, 
2004. The components of variance heritability were higher than those observed from 
parent-offspring regression because these did not take midparent data into account 
and therefore were not biased by environmental correlations and remained constant 
across environments. An explanation is the fact that parent-offspring regression 
measures narrow-sense heritability while F3 generation estimates are in the broad 
sense. Another possible explanation is the fact that the heritability obtained from the 
components of variance are a ratio of the covariance of full-sibs in the F3 generation 
to the phenotypic variance of full-sib families while parent-offspring regression is a 
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ratio of the parent-offspring covariance to the parent-phenotypic variance. Overall, 
popping expansion traits were correlated with each other at individual environments 
and across environments for parent-offspring regression and components of 
variance.  
Since heritability is referred as the effectiveness of selection for a trait 
depending on the relative importance of genetic and non genetic factors of 
phenotypic differences among genotypes in a population, and based on the results 
from parent-offspring regression and components of variance; selection in the F2 
generation for popping expansion traits should be practiced with moderate selection 
to maintain improved agronomic traits, previous results agree in accordance with the 
results of this research that selection in the F2 generation for popping expansion 
traits should be successful and small improvement is observed in subsequent 
generations of inbreeding. Broad-sense heritability of popping expansion will 
facilitate popcorn breeders to develop long-term genetic improvement combining 
desirable attributes of popcorn and dent corn in popcorn hybrids.  
Because phenotypic selection for popping expansion and other agronomic 
traits related is a laborious and time consuming, phenotypic correlations among 
traits in a popcorn population let breeders know how traits are related and allow 
them to develop breeding methods according to the desirable characters of a good 
cultivar including high popping expansion traits. The correlation coefficients obtained 
in this research for all the popping expansion traits suggest that it would be feasible 
to develop germplasm which combines both high popping expansion of popcorn and 
high grain yield of dent corn as result of as short-term breeding term effort. 
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Broad-sense heritability (H2) for the F2 generation grown at AAERC, 2002. 
2
2
2H         Equation 1
g
ph


  
2H : Broad sense heritability 
2 :g  Genetic variance 
2 :ph  Phenotypic variance 
2 :w  The within-row variance in the 2F  generation is estimated by pooling within-row 
variances of the parents and 1F  rows. Average within row variance estimated in 1P , 
2P  ad 1F  rows 
2 :b  Row variance estimated in the 2F  population. The among-row variance in the 2F  
generation is calculated by estimating the among-row variance of the 2F  plants 
2 :e  The experimental error or environmental variance among rows is estimated in 
the 2F  generation by adding together the within- and among-row variances 
2 2 2
e w b     
2 :g  Genetic variation is estimated by subtracting the within- and among-row 
variances from the phenotypic variance 
2 2 2
g ph e     
Number of kernels in 10 g 
2
ph   27.15 
1
2 2 2
2 1 95:2 2 B104 3 F
1 2 3
( 1) ( 1) ( 1)
        Equation 2
( 1) ( 1) ( 1)w
n n n
n n n
  

    

    
-  
2
95:2   Variance of 95:2 for kernel number 
2
B104   Variance of B104 for number of kernels in 10 g 
1
2
F   Variance of 1F  for number of kernels in 10 g 
1( 1)n    Degrees of freedom for 95:2 
2( 1)n    Degrees of freedom for B104 
3( 1)n    Degrees of freedom for the 1F  
2
95:2   11.37 
2
B104   2.5 
1
2
F   3.71 
1 1n    (Number of observations – 1) – (Number of reps.) = (4 – 1) – (2 – 1) = 2 
2 1n    (Number of observations – 1) – (Number of reps.) = (4 – 1) – (2 – 1) = 2 
3 1n    (Number of observations – 1) – (Number of reps.) = (6 – 1) – (2 – 1) = 4 
 40 
2 2(11.37) 2(2.5) 4(3.71) 42.59 =   = 5.32
2 2 4 8w

 

 
 
2
w   5.32 
2
b   5.23 
2 2 2         Equation 3e w b     
2
e   5.32 + 5.23 = 10.55 
2 2 2         Equation 4g ph e     
2
g   27.15 – 10.55 = 16.59 
2
2
2
16.59
H  =   
27.15
g
ph


  
2H   0.61 
 
Correlation: Measure of the degree to which variables vary together or a measure 
of the intensity of association. 
xy 2 2
r          Equation 5
( )
xy
x y

 
  
xyr   Correlation coefficient between trait x and y 
xy   Phenotypic covariance between traits x (independent) and y (dependent) 
2 2&x y    Phenotypic variances for traits x (independent) and y (dependent), 
respectively 
 
Correlation between Number of kernels in 10 g and Popping expansion: 
xy 2 2
r  
( )
xy
x y

 
  
From the raw data for number of kernels in 10 g (x) and popping expansion (y) (see 
Table 1 from Appendix 3) 
2
2 (number of kernels in 10 g - mean of number of kernels in 10g)  
1x n
 

  
n = number of observations 
2 2 2 2
2 (39 38) +(39 38) +...+(36 38) +(34 38)  = 21.30
189 1x

   


  
 
2
2  (popping expansion- mean of number of popping expansion)  
1y n
 

  
n = number of observations 
2 2 2 2
2  (480-504.97) (1140-504.97) +...+(100-504.97) +(300-504.97)  = 45800.92
189 1y




  
 41 
 (number of kernels in 10 g - mean of numbers in 10 g)(popping expansion - mean of popping expansion)
 
2xy n



 (39-38)+(480-504.97)+(39-38)+(1140-504.97)...+ (33-38)+(100-504.97)+(34-38)+(300-504.97)
189 2xy
 


xy   323.58 
xy 2 2
323.58
r  = 0.42
(21.30*45800.92)( )
xy
x y

 
   
 
Table 1. Trait means, variance components and broad sense heritability (H2) of 
the phenotypic variables in a F2 generation of B104 x 95:2 maize population 
evaluated in AAERC, 2002.  
Variance 
components 
Number of 
kernels in 10 g 
Popping expansion 
(ml30 g-1) 
Popping expansion per 
kernel (ml kernel-1) 
2
p  27.15          51249 3.28 
2
g  16.59          35315.09 2.82 
2  10.55            5933.90 0.46 
H2   0.61                  0.88 0.85 
Mean B104           33.00              245.00 2.44 
Mean 95:2           73.00            1319.00 5.99 
Mean 1F            35.00              446.00 4.20 
Mean 2F            37.00              503.03 4.46 
2
p   Phenotypic variance, 
2
g   Genotypic variance, 
2   Experimental error 
variance. 
 
Table 2. Correlations of the phenotypic variables in a F2 generation of B104 x 
95:2 maize population evaluated in AAERC, 2002.  
  
Popping expansion 
(ml 30 g-1) 
 Popping expansion 
per kernel 
(ml kernel-1) 
 Heat 
Units 
(GDD) 
Number of kernels 
10 g 0.43** 
 0.13NS  -0.02NS 
      
Popping expansion 
(ml 30 g-1)  
 0.94**  0.05NS 
      
Popping  expansion 
per kernel 
(ml kernel-1)  
 
 
 
0.09NS 
  ** Statistically significant at 0.01 level of probability, NS Not significant. 
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Figure 1. Distribution of popping expansion of a F2 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2002. 
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Figure 2. Distribution of expansion per kernel of a F2 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2002. 
 
Mean B104 = 245 ml 30g-1 
Mean 95:2 = 1315 
ml 30g-1 
Mean F2 = 503 ml 
30g-1 
Mean B104 = 2.44 ml 
kernel-1 
Mean F2 = 4.46 ml 
kernel-1 
Mean 95:2 = 5.99 ml 
kernel-1 
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Figure 3. Distribution of number of kernels in 10 g of a F2 generation of B104 x 95:2 
maize population evaluated in AAERC, 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean F2 = 37 kernels in 10 g 
Mean 95:2 = 73 kernels 
in 10 g 
Mean B104= 33 kernels in 10 g 
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Table 1. Variance components of the phenotypic variables in a F3 generation of 
B104 x 95:2 maize population evaluated in AAERC, 2003.  
 
Variance 
components 
 
 
df 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel 
 (ml kernel-1) 
Growing 
degree  
days (GDD) 
Genotype 188 18.09 34667.92 1.56 143.40 
Error 188   4.04   3988.49 0.25   19.81 
      
Broad-sense heritability (H2) for the F3 generation grown at AAERC, 2003. 
2
2
2 2H         Equation 1
g
e g

 


 
2H : Broad sense heritability  
2 : Genetic varianceg  
2 : Error variancee  
From Table 1, Appendix 2. 
Popping expansion (ml 30-1 g) 
2 34667.92g   
2 3988.49e   
2 2 2
ph g e     
2 34667.92 3988.49 38654.41ph      
2 34667.92 34667.92H  =   
3988.49 34667.92 38654.41


 
2H 0.89   
 
Table 2. Trait means, variance components and broad sense heritability (H2) 
for popping expansion variables in a F3 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2003.  
Variance 
components 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel (ml kernel-1) 
2
ph  22.14 38654.41 1.81 
2
g  18.09 34667.92 1.56 
2( )gSE   0.058 101.73 0.005 
2  4.04 3988.49 0.25 
2H  0.81 0.89 0.86 
295%  CI(H )  0.76 – 0.86 0.86 – 0.92 0.82 – 0.90 
Mean 42.00 661.78 5.21 
2
ph Phenotypic variance, 
2
g   Genotypic variance, SE   Standard Error, 
2   
Experimental error variance, CI=  Confidence Interval. 
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Correlation: Measure of the degree to which variables vary together or a measure 
of the intensity of association. 
xy 2 2
r          Equation 2
( )
xy
x y

 
  
xyr   Correlation coefficient between trait x and y 
xy   Phenotypic covariance between traits x (independent) and y (dependent) 
2 2&x y    Phenotypic variances for traits x (independent) and y (dependent), 
respectively 
 
Correlation between Number of kernels in 10 g and Popping expansion: 
xy 2 2
r  
( )
xy
x y

 
  
From the means for number of kernels in 10 g (x) and popping expansion (y) (see 
Tables 5 and 6 from Appendix 6) 
2
2 (number of kernels - mean of number of kernels in 10g)  
1x n
 

  
n = number of observations 
2 2 2 2
2 (41 42) +(48 42) +...+(42 42) +(41 42)  = 22.14
189 1x

   


  
 
2
2  (popping expansion- mean of number of popping expansion)  
1y n
 

  
n = number of observations 
2 2 2 2
2  (510-662.70) (1010-662.70) +...+(830-662.70) +(590-662.70)  = 38655.98
189 1y




  
 
 (number of kernels in 10 g - mean of numbers in 10 g)(popping expansion - mean of popping expansion)
 
2xy n



 (43-42)+(580-662.70)+(48-42)+(1060-662.70)...+ (45-42)+(840-662.70)+(48-42)+(460-662.70)
189 2xy
 


xy   518.07 
xy 2 2
518.07
r  = 0.56
(22.14*38655.98)( )
xy
x y

 
   
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Table 3. Correlations of the phenotypic variables in a F3 generation of B104 x 
95:2 maize population evaluated in AAERC, 2003.  
  
Popping expansion 
(ml 30 g-1) 
 Popping expansion 
per kernel 
(ml kernel-1) 
 Heat 
Units 
(GDD) 
Number of kernels 
10 g 0.56** 
 0.25**  -0.35** 
      
Popping expansion 
(ml 30 g-1)  
 0.94**  0.16NS 
      
Popping  expansion 
per kernel 
(ml kernel-1)  
 
 
 
0.19** 
 ** Statistically significant at 0.01 level of probability, NS Not significant. 
 
 
Least Square Regression for predicting the performance of F3 generation on F2 
generation 
0 1          Equation3i i iy x      
(Kempthorne and Tandom, 1953; Fernandez and Miller, 1985; Nyquist, 1991) 
iy   mean of progenies of i
th 2F  line 
0   intercept; 
1   regression coefficient 
ix   parent value of the i
th line 
i   random error, independently and normally distributed with zero mean. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
So, 2 2/ /xy x OP xb Cov     
Example: Regression for number of kernels in 10 g (From Table 5, Appendix 6. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
2 2 2/ /xy x Offspring Parent xb Cov h      
 48 
13.95Offspring ParentCov    
2 21.19x   
 
Substituting 2 2/ 13.95 / 21.19 0.66Offspring Parent xb Cov h      
 
Regressions 
        
2
332.4378 0.65
0.42
y x
R
 

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Figure 1. Parent-offspring regression graph of popping expansion of a 95:2 
     x  B104 maize population evaluated at AAERC, 2003  
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Figure 2. Parent-offspring regression graph of number of kernels in 10 g of 
     a 95:2 x  B104 maize population evaluated at AAERC, 2003  
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Figure 3. Parent-offspring regression graph of expansion per kernel of a 95 
     x B104 maize population evaluated at AAERC, 2003  
2
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2
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
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Figure 4. Parent-offspring regression graph of heat units of a 95 x B104 
     maize population evaluated at AAERC, 2003  
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Table 1. Variance components of the phenotypic variables in a F3 generation of 
B104 x 95:2 maize population evaluated in Curtiss Farm, 2003.  
 
Variance 
components 
 
 
df 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel 
 (ml kernel-1) 
Growing 
degree  
days (GDD) 
Genotype 188         199.77   19848 0.88 150.29 
Error        5503.00   7501 0.39   33.62 
      
Broad-sense heritability ( 2H ) for the 3F  generation grown at Curtiss Farm, 2003. 
2
2
2 2H         Equation 1
g
e g

 


 
2H : Broad sense heritability  
2 : Genetic varianceg  
2 : Error variancee  
From Table 1, Appendix 3. 
Popping expansion (ml 30-1 g) 
2 19848g   
2 7501e   
2 2 2
ph g e     
2 19848 7501 27349ph      
2 19848 19848H  =   
7501 19848 27349


 
2H 0.73   
 
Table 2. Trait means, variance components and broad sense heritability (H2) 
for popping expansion variables in a F3 generation of B104 x 95:2 maize 
population evaluated in Curtis Farm, 2003.  
Variance 
components 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel (ml kernel-1) 
2
ph  5702.77 27349 1.27 
2
g  4620 19848 0.88 
2( )gSE   15.02 71.98 0.003 
2  1082.77 7501 0.39 
2H  0.81 0.73 0.69 
295%  CI(H )  0.74– 0.87 0.63 – 0.80 0.59 – 0.77 
Mean 42.00 652.00 5.40 
2
ph Phenotypic variance, 
2
g   Genotypic variance, SE   Standard Error, 
2   
Experimental error variance, CI=  Confidence Interval. 
 53 
Correlation: Measure of the degree to which variables vary together or a measure 
of the intensity of association. 
xy 2 2
r          Equation 2
( )
xy
x y

 
  
xyr   Correlation coefficient between trait x and y 
xy   Phenotypic covariance between traits x (independent) and y (dependent) 
2 2&x y    Phenotypic variances for traits x (independent) and y (dependent), 
respectively 
 
Correlation between Number of kernels in 10 g and Popping expansion: 
xy 2 2
r  
( )
xy
x y

 
  
From the means for number of kernels in 10 g (x) and popping expansion (y) (see 
Tables 5 and 6 from Appendix 6) 
2
2 (number of kernels - mean of number of kernels in 10g)  
1x n
 

  
n = number of observations 
2 2 2 2
2 (42 42) +(48 42) +...+(43 42) +(43 42)  = 21.95
189 1x

   


  
 
2
2  (popping expansion- mean of number of popping expansion)  
1y n
 

  
n = number of observations 
2 2 2 2
2  (547-652.70) (1033-652.70) +...+(833-652.70) +(1033-652.70)  = 38351.37
189 1y




  
 
 (number of kernels in 10 g - mean of numbers in 10 g)(popping expansion - mean of popping expansion)
 
2xy n



 (42-42)+(547-652.70)+(48-42)+(1033-652.70)...+ (43-42)+(833-652.70)+(43-42)+(1033-652.70)
189 2xy
 


xy   550.50 
xy 2 2
550.50
r  = 0.60
(21.95*38351.37)( )
xy
x y

 
   
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Table 3. Correlations of the phenotypic variables in a F3 generation of B104 x 
95:2 maize population evaluated in Curtiss Farm, 2003.  
  
Popping expansion 
(ml 30 g-1) 
 Popping expansion 
per kernel 
(ml kernel-1) 
 Heat 
Units 
(GDD) 
Number of kernels 
10 g 0.60** 
 0.31**  0.09NS 
      
Popping expansion 
(ml 30 g-1)  
 0.94**  0.20NS 
      
Popping  expansion 
per kernel 
(ml kernel-1)  
 
 
 
0.21** 
 ** Statistically significant at 0.01 level of probability, NS Not significant. 
 
Least Square Regression for predicting the performance of F3 generation on F2 
generation  
0 1          Equation3i i iy x      
(Kempthorne and Tandom, 1953; Fernandez and Miller, 1985; Nyquist, 1991) 
iy   mean of progenies of i
th 2F  line 
0   intercept; 
1   regression coefficient 
ix   parent value of the i
th line 
i   random error, independently and normally distributed with zero mean. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
So, 2 2/ /xy x OP xb Cov     
Example: Regression for number of kernels in 10 g (From Table 5, Appendix 6. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
2 2 2/ /xy x Offspring Parent xb Cov h      
 55 
14.29Offspring ParentCov    
2 21.19x   
 
Substituting 2 2/ 14.29 / 21.19 0.67Offspring Parent xb Cov h     
 
Regressions 
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Figure 1. Parent-offspring regression graph for popping expansion of a  
     95:2 x  B104 maize population evaluated at Curtiss Farm, 2003  
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Figure 2. Parent-offspring regression graph of number of kernels in 20 g of 
     a 95:2 x  B104 maize population evaluated at Curtiss Farm, 2003  
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Figure 3. Parent-offspring regression graph of expansion per kernel of a 95 
     x B104 maize population evaluated at Curtiss Farm, 2003  
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Figure 4. Parent-offspring regression graph of heat units of a 95 x B104 
     maize population evaluated at Curtiss Farm, 2003  
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Table 1. Variance components of the phenotypic variables in a F3 generation of 
B104 x 95:2 maize population evaluated in AAERC, 2004.  
 
Variance 
components 
 
 
df 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel 
 (ml kernel-1) 
Growing 
degree  
days (GDD) 
Genotype 188 12.28 41077.62 2.39 104.76 
Error 188   2.91   5720.15 0.38   23.52 
      
Broad-sense heritability (H2) for the F3 generation grown at AAERC, 2004. 
2
2
2 2H         Equation 1
g
e g

 


 
2H : Broad sense heritability  
2 : Genetic varianceg  
2 : Error variancee  
From Table 1, Appendix 4. 
Popping expansion (ml 30-1 g) 
2 41077.62g   
2 5720.15e   
2 2 2
ph g e     
2 41077.62 5720.15 46797.77ph      
2 41077.62 41077.62H  =   
5720.15 41077.62 46797.77


 
2H 0.87   
 
Table 2. Trait means, variance components and broad sense heritability (H2) 
for popping expansion variables in a F3 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2004.  
Variance 
components 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel (ml kernel-1) 
2
ph  15.19 46797.77 2.77 
2
g  12.28 41077.62 2.39 
2( )gSE   0.04 123.15 0.007 
2  2.91 5720.15 0.38 
2H  0.80 0.87 0.86 
295%  CI(H )  0.74 – 0.86 0.84 – 0.921 0.82 – 0.90 
Mean 37.29 610.32 5.40 
2
ph Phenotypic variance, 
2
g   Genotypic variance, SE   Standard Error, 
2   
Experimental error variance, CI=  Confidence Interval. 
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Correlation: Measure of the degree to which variables vary together or a measure 
of the intensity of association. 
xy 2 2
r          Equation 2
( )
xy
x y

 
  
xyr   Correlation coefficient between trait x and y 
xy   Phenotypic covariance between traits x (independent) and y (dependent) 
2 2&x y    Phenotypic variances for traits x (independent) and y (dependent), 
respectively 
 
Correlation between Number of kernels in 10 g and Popping expansion: 
xy 2 2
r  
( )
xy
x y

 
  
From the means for number of kernels in 10 g (x) and popping expansion (y) (see 
Tables 5 and 6 from Appendix 6) 
2
2 (number of kernels - mean of number of kernels in 10g)  
1x n
 

  
n = number of observations 
2 2 2 2
2 (38 37) +(45 37) +...+(39 37) +(34 37)  = 21.19
189 1x

   


  
 
2
2  (popping expansion- mean of number of popping expansion)  
1y n
 

  
n = number of observations 
2 2 2 2
2  (500-610.32) (1260-610.32) +...+(930-610.32) +(350-610.32)  = 45800.92
189 1y




  
 
 (number of kernels in 10 g - mean of numbers in 10 g)(popping expansion - mean of popping expansion)
 
2xy n



 (38-37)+(500-610.32)+(46-37)+(1260-610.32)...+ (40-37)+(1060-610.32)+(36-37)+(420-610.32)
189 2xy
 


xy   510.28 
xy 2 2
512.28
r  = 0.52
(21.19*45800.92)( )
xy
x y

 
   
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Table 3. Correlations of the phenotypic variables in a F3 generation of B104 x 
95:2 maize population evaluated in AAERC, 2004.  
  
Popping expansion 
(ml 30 g-1) 
 Popping expansion 
per kernel 
(ml kernel-1) 
 Heat 
Units 
(GDD) 
Number of kernels 
10 g 0.52** 
 0.25*  0.12NS 
      
Popping expansion 
(ml 30 g-1)  
 0.95**  0.16** 
      
Popping  expansion 
per kernel 
(ml kernel-1)  
 
 
 
0.16** 
 ** Statistically significant at 0.05 and 0.01 level of probability, NS Not significant. 
 
 
Least Square Regression for predicting the performance of F3 generation on F2 
generation 
0 1          Equation3i i iy x      
(Kempthorne and Tandom, 1953; Fernandez and Miller, 1985; Nyquist, 1991) 
iy   mean of progenies of i
th 2F  line 
0   intercept; 
1   regression coefficient 
ix   parent value of the i
th line 
i   random error, independently and normally distributed with zero mean. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
So, 2 2/ /xy x OP xb Cov     
Example: Regression for number of kernels in 10 g (From Table 5, Appendix 6. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
2 2 2/ /xy x Offspring Parent xb Cov h      
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11.44Offspring ParentCov    
2 21.19x   
 
Substituting 2 2/ 11.44 / 21.19 0.54Offspring Parent xb Cov h      
 
Regressions 
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Figure 1. Parent-offspring regression graph of popping expansion of a 95:2 
     x  B104 maize population evaluated at AAERC, 2004  
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Figure 2. Parent-offspring regression graph of number of kernels in 20 g of 
     a 95:2 x  B104 maize population evaluated at AAERC, 2004  
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Figure 3. Parent-offspring regression graph of expansion per kernel of a 95 
     x B104 maize population evaluated at AAERC, 2004  
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Figure 4. Parent-offspring regression graph of heat units of a 95 x B104 
     maize population evaluated at AAERC, 2004  
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Appendix 5. 
Formulae used for calculations in the F3 generation established at AAERC, 
2003-2004 
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Table 1. Variance components of the phenotypic variables in a F3 generation of 
B104 x 95:2 maize population evaluated in AAERC, 2003-2004.  
 
Variance 
components 
 
 
df 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel 
 (ml kernel-1) 
Growing 
degree  
days (GDD) 
Genotype 188 14.19 35822.01 1.77   121.56 
Gen x Loc 188  0.99 2050.54 0.21       2.49 
Pooled 
error 
  1.74 2427.16 0.16     10.83 
 
Broad-sense heritability (H2) for the F3 generation grown at AAERC, 2003 - 2004. 
2
2
2 2 2H         Equation 1( ) /
g
e gxe t g

  

 
 
2H : Broad sense heritability  
2 : Genetic varianceg  
2 : Error variancee  
2 : Genotype x Environment variancegxe  
: Locationst  
 
From Table 1, Appendix 5. 
Popping expansion (ml 30-1 g) 
2 35822.01g   
2 2427.16e   
2 2 2
ph g e     
2 2 2 2( ) /ph e gxe t g       
2 2427.16 (2050.54 / 2) 35822.01 39274.44ph      
2 35822.01 40985H  =   
2427.16 (2050.54 / 2) 35822.01 39274.44

 
 
2H 0.91   
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Table 2. Trait means, variance components and broad sense heritability (H2) 
for popping expansion variables in a F3 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2003 - 2004.  
Variance 
components 
Number of 
kernels in 10 g 
Popping expansion 
(ml 30 g-1) 
Popping expansion 
 per kernel (ml kernel-1) 
2
ph  16.43          39274.44 2.02 
2
g  14.19          35822.01 1.77 
2( )gSE     0.001 2.95 0.0002 
2
gxe  0.99 2050.54 0.21 
2
error  1.74 2427.16 0.16 
2H  0.86 0.91 0.87 
295% ( )CI H  0.82 – 0.90 0.88 – 0.93 0.83 – 0.90 
2( )SE H  0.0001 0.00007 0.0001 
Mean                     0.87 0.86 
2
ph = Phenotypic variance, 
2
g = Genotypic variance, SE  = Standard Error, 
2
gxe = 
GenotypexEnvironment variance, 2g = Genotypic variance, 2error = Experimental 
error variance, CI  = Confidence Interval. 
 
Correlation: Measure of the degree to which variables vary together or a measure 
of the intensity of association. 
xy 2 2
r          Equation 2
( )
xy
x y

 
  
xyr   Correlation coefficient between trait x and y 
xy   Phenotypic covariance between traits x (independent) and y (dependent) 
2 2&x y    Phenotypic variances for traits x (independent) and y (dependent), 
respectively 
 
Correlation between Number of kernels in 10 g and Popping expansion: 
xy 2 2
r  
( )
xy
x y

 
  
From the means for number of kernels in 10 g (x) and popping expansion (y) (see 
Tables 5 and 6 from Appendix 6) 
2
2 (number of kernels - mean of number of kernels in 10g)  
1x n
 

  
n = number of observations 
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2 2 2 2
2 (39 37) +(42 37) +...+(37 37) +(32 37)  = 21.19
189 1x

   


  
2
2  (popping expansion- mean of number of popping expansion)  
1y n
 

  
n = number of observations 
2 2 2 2
2  (490-555) (1200-555) +...+(885-555) +(285-555)  = 45800.92
189 1y




  
 
 (number of kernels in 10 g - mean of numbers in 10 g)(popping expansion - mean of popping expansion)
 
2xy n



 (39-37)+(490-555)+(42-37)+(1200-555)...+ (37-37)+(885-555)+(32-37)+(285-555)
189 2xy
 

  
xy   482.72 
xy 2 2
373.527
r  = 0.49
(21.19*45800.92)( )
xy
x y

 
   
 
 
Table 3. Correlations of the phenotypic variables in a F3 generation of B104 x 
95:2 maize population evaluated in AAERC, 2003 - 2004.  
  
Popping expansion 
(ml 30 g-1) 
 Popping expansion 
per kernel 
(ml kernel-1) 
 Heat 
Units 
(GDD) 
Number of kernels 
10 g 0.49** 
 0.25*  0.02NS 
      
Popping expansion 
(ml 30 g-1)  
 0.96**  0.16** 
      
Popping  expansion 
per kernel 
(ml kernel-1)  
 
 
 
0.17** 
 ** Statistically significant at 0.05 and 0.01 level of probability, NS Not significant. 
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Least Square Regression for predicting the performance of F3 generation on F2 
generation 
0 1          Equation3i i iy x      
(Kempthorne and Tandom, 1953; Fernandez and Miller, 1985; Nyquist, 1991) 
iy   mean of progenies of i
th 2F  line 
0   intercept; 
1   regression coefficient 
ix   parent value of the i
th line 
i   random error, independently and normally distributed with zero mean. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
So, 2 2/ /xy x OP xb Cov     
Example: Regression for number of kernels in 10 g (From Table 5, Appendix 6. 
 
Regression (b ): ratio of the standard deviation of XY to the variance of X 
X= Independent variable (parent value 2"F " ) 
Y= Dependent variable (offspring value 3"F ") 
2 2 2/ /xy x Offspring Parent xb Cov h      
16.26Offspring ParentCov    
2 21.19x   
 
Substituting 2 2/ 16.26 / 21.19 0.77Offspring Parent xb Cov h      
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Regressions 
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Figure 1. Parent-offspring regression graph of popping expansion of a 95:2 
     x  B104 maize population evaluated at AAERC, 2003-2004  
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Figure 2. Parent-offspring regression graph of number of kernels in 20 g of 
     a 95:2 x  B104 maize population evaluated at AAERC, 2003-2004 
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Figure 3. Parent-offspring regression graph of expansion per kernel of a 95 
     x B104 maize population evaluated at AAERC, 2003-2004  
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Figure 4. Parent-offspring regression graph of heat units of a 95 x B104 
     maize population evaluated at AAERC, 2004  
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Appendix 6 
Phenotypic data of F2 and F3 generations of B104 x 95:2 maize population 
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Table 1. Phenotypic variables of a F2 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2002. 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
B104 B104 33 100 1.010 506 
95:2-3 95:2-3 71 1480 6.948 478 
B104x95:2-3 (B104/95:2-3) 34 300 2.941 479 
6-3-1 (B104/95:2-3)-3-1 39 480 4.103 488 
13-3-1 (B104/95:2-3)-3-1 39 1140 9.744 520 
14-3-1 (B104/95:2-3)-3-1 31 300 3.226 494 
15-3-1 (B104/95:2-3)-3-1 39 240 2.051 494 
20-3-1 (B104/95:2-3)-3-1 38 220 1.930 502 
24-3-1 (B104/95:2-3)-3-1 36 580 5.370 471 
27-3-1 (B104/95:2-3)-3-1 29 320 3.678 502 
37-3-1 (B104/95:2-3)-3-1 42 720 5.714 502 
38-3-1 (B104/95:2-3)-3-1 37 500 4.505 488 
41-3-1 (B104/95:2-3)-3-1 37 340 3.063 502 
45-3-1 (B104/95:2-3)-3-1 36 240 2.222 488 
51-3-1 (B104/95:2-3)-3-1 41 460 3.740 502 
53-3-1 (B104/95:2-3)-3-1 33 200 2.020 488 
59-3-1 (B104/95:2-3)-3-1 31 480 5.161 502 
60-3-1 (B104/95:2-3)-3-1 40 500 4.167 480 
63-3-1 (B104/95:2-3)-3-1 29 260 2.989 471 
64-3-1 (B104/95:2-3)-3-1 39 820 7.009 488 
69-3-1 (B104/95:2-3)-3-1 45 780 5.778 471 
72-3-1 (B104/95:2-3)-3-1 35 420 4.000 488 
73-3-1 (B104/95:2-3)-3-1 30 320 3.556 494 
74-3-1 (B104/95:2-3)-3-1 37 400 3.604 494 
82-3-1 (B104/95:2-3)-3-1 37 420 3.784 488 
83-3-1 (B104/95:2-3)-3-1 40 460 3.833 480 
85-3-1 (B104/95:2-3)-3-1 32 400 4.167 488 
86-3-1 (B104/95:2-3)-3-1 32 260 2.708 510 
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Table 1. Continued 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
89-3-1 (B104/95:2-3)-3-1 34 240 2.353 494 
92-3-1 (B104/95:2-3)-3-1 38 620 5.439 494 
93-3-1 (B104/95:2-3)-3-1 35 480 4.571 480 
94-3-1 (B104/95:2-3)-3-1 48 740 5.139 480 
95-3-1 (B104/95:2-3)-3-1 33 420 4.242 471 
97-3-1 (B104/95:2-3)-3-1 42 560 4.444 480 
98-3-1 (B104/95:2-3)-3-1 36 520 4.815 502 
103-3-1 (B104/95:2-3)-3-1 36 620 5.741 502 
104-3-1 (B104/95:2-3)-3-1 36 860 7.963 463 
106-3-1 (B104/95:2-3)-3-1 47 460 3.262 488 
107-3-1 (B104/95:2-3)-3-1 32 520 5.417 502 
110-3-1 (B104/95:2-3)-3-1 48 600 4.167 488 
113-3-1 (B104/95:2-3)-3-1 35 720 6.857 494 
115-3-1 (B104/95:2-3)-3-1 36 620 5.741 488 
116-3-1 (B104/95:2-3)-3-1 39 560 4.786 488 
117-3-1 (B104/95:2-3)-3-1 39 440 3.761 480 
119-3-1 (B104/95:2-3)-3-1 38 400 3.509 494 
120-3-1 (B104/95:2-3)-3-1 36 660 6.111 488 
121-3-1 (B104/95:2-3)-3-1 36 380 3.519 488 
136-3-3 (B104/95:2-3)-3-3 38 500 4.386 494 
137-3-3 (B104/95:2-3)-3-3 33 150 1.515 494 
139-3-3 (B104/95:2-3)-3-3 34 220 2.157 494 
140-3-3 (B104/95:2-3)-3-3 35 400 3.810 502 
141-3-3 (B104/95:2-3)-3-3 41 540 4.390 494 
144-3-3 (B104/95:2-3)-3-3 42 360 2.857 488 
149-3-3 (B104/95:2-3)-3-3 32 360 3.750 494 
154-3-3 (B104/95:2-3)-3-3 40 740 6.167 488 
156-3-3 (B104/95:2-3)-3-3 37 840 7.568 488 
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Table 1. Continued 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
168-3-3 (B104/95:2-3)-3-3 35 360 3.429 480 
169-3-3 (B104/95:2-3)-3-3 47 220 1.560 480 
172-3-3 (B104/95:2-3)-3-3 38 360 3.158 502 
174-3-3 (B104/95:2-3)-3-3 36 420 3.889 538 
175-3-3 (B104/95:2-3)-3-3 41 380 3.089 494 
179-3-3 (B104/95:2-3)-3-3 41 820 6.667 502 
185-3-3 (B104/95:2-3)-3-3 34 340 3.333 488 
188-3-3 (B104/95:2-3)-3-3 37 400 3.604 488 
190-3-3 (B104/95:2-3)-3-3 43 340 2.636 488 
195-3-3 (B104/95:2-3)-3-3 44 480 3.636 488 
196-3-3 (B104/95:2-3)-3-3 32 600 6.250 494 
197-3-3 (B104/95:2-3)-3-3 31 440 4.731 494 
198-3-3 (B104/95:2-3)-3-3 43 520 4.031 488 
201-3-3 (B104/95:2-3)-3-3 36 420 3.889 488 
202-3-3 (B104/95:2-3)-3-3 42 280 2.222 502 
203-3-3 (B104/95:2-3)-3-3 31 700 7.527 494 
208-3-3 (B104/95:2-3)-3-3 42 1040 8.254 494 
209-3-3 (B104/95:2-3)-3-3 29 140 1.609 494 
212-3-3 (B104/95:2-3)-3-3 38 400 3.509 502 
214-3-3 (B104/95:2-3)-3-3 40 700 5.833 494 
219-3-3 (B104/95:2-3)-3-3 36 600 5.556 488 
220-3-3 (B104/95:2-3)-3-3 32 280 2.917 502 
221-3-3 (B104/95:2-3)-3-3 35 460 4.381 488 
222-3-3 (B104/95:2-3)-3-3 32 360 3.750 488 
223-3-3 (B104/95:2-3)-3-3 39 300 2.564 494 
225-3-3 (B104/95:2-3)-3-3 38 640 5.614 494 
227-3-3 (B104/95:2-3)-3-3 34 520 5.098 510 
234-3-3 (B104/95:2-3)-3-3 44 500 3.788 471 
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Table 1. Continued 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
236-3-3 (B104/95:2-3)-3-3 29 240 2.759 502 
237-3-3 (B104/95:2-3)-3-3 43 400 3.101 471 
240-3-3 (B104/95:2-3)-3-3 37 680 6.126 480 
241-3-3 (B104/95:2-3)-3-3 36 260 2.407 488 
245-3-3 (B104/95:2-3)-3-3 42 400 3.175 480 
249-3-3 (B104/95:2-3)-3-3 32 460 4.792 502 
250-3-3 (B104/95:2-3)-3-3 35 720 6.857 494 
251-3-3 (B104/95:2-3)-3-3 39 540 4.615 502 
257-3-3 (B104/95:2-3)-3-3 43 1100 8.527 494 
263-3-3 (B104/95:2-3)-3-3 34 260 2.549 488 
264-3-3 (B104/95:2-3)-3-3 36 340 3.148 488 
279-3-4 (B104/95:2-3)-3-4 33 420 4.242 488 
280-3-4 (B104/95:2-3)-3-4 36 660 6.111 502 
281-3-4 (B104/95:2-3)-3-4 40 860 7.167 502 
284-3-4 (B104/95:2-3)-3-4 39 800 6.838 488 
285-3-4 (B104/95:2-3)-3-4 41 260 2.114 520 
287-3-4 (B104/95:2-3)-3-4 53 300 1.887 502 
297-3-4 (B104/95:2-3)-3-4 37 440 3.964 471 
298-3-4 (B104/95:2-3)-3-4 50 500 3.333 520 
302-3-4 (B104/95:2-3)-3-4 48 520 3.611 480 
303-3-4 (B104/95:2-3)-3-4 39 640 5.470 488 
304-3-4 (B104/95:2-3)-3-4 38 480 4.211 530 
309-3-4 (B104/95:2-3)-3-4 38 860 7.544 494 
313-3-4 (B104/95:2-3)-3-4 33 520 5.253 494 
315-3-4 (B104/95:2-3)-3-4 38 540 4.737 502 
316-3-4 (B104/95:2-3)-3-4 30 440 4.889 480 
317-3-4 (B104/95:2-3)-3-4 42 320 2.540 488 
320-3-4 (B104/95:2-3)-3-4 29 200 2.299 471 
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Table 1. Continued 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
327-3-4 (B104/95:2-3)-3-4 39 400 3.419 494 
328-3-4 (B104/95:2-3)-3-4 35 600 5.714 488 
330-3-4 (B104/95:2-3)-3-4 38 800 7.018 463 
331-3-4 (B104/95:2-3)-3-4 44 820 6.212 488 
335-3-4 (B104/95:2-3)-3-4 39 780 6.667 502 
336-3-4 (B104/95:2-3)-3-4 43 620 4.806 494 
337-3-4 (B104/95:2-3)-3-4 43 440 3.411 488 
338-3-4 (B104/95:2-3)-3-4 34 560 5.490 488 
340-3-4 (B104/95:2-3)-3-4 39 520 4.444 502 
341-3-4 (B104/95:2-3)-3-4 40 360 3.000 488 
344-3-4 (B104/95:2-3)-3-4 40 780 6.500 510 
347-3-4 (B104/95:2-3)-3-4 35 460 4.381 530 
350-3-4 (B104/95:2-3)-3-4 34 220 2.157 502 
351-3-4 (B104/95:2-3)-3-4 34 520 5.098 480 
356-3-4 (B104/95:2-3)-3-4 43 360 2.791 530 
357-3-4 (B104/95:2-3)-3-4 37 380 3.423 494 
360-3-4 (B104/95:2-3)-3-4 43 760 5.891 510 
368-3-4 (B104/95:2-3)-3-4 38   494 
370-3-4 (B104/95:2-3)-3-4 38 740 6.491 502 
371-3-4 (B104/95:2-3)-3-4 45 400 2.963 530 
372-3-4 (B104/95:2-3)-3-4 38 720 6.316 502 
374-3-4 (B104/95:2-3)-3-4 34 220 2.157 488 
375-3-4 (B104/95:2-3)-3-4 36 540 5.000 480 
376-3-4 (B104/95:2-3)-3-4 36 360 3.333 488 
380-3-4 (B104/95:2-3)-3-4 31 400 4.301 520 
381-3-4 (B104/95:2-3)-3-4 39 520 4.444 502 
382-3-4 (B104/95:2-3)-3-4 34 380 3.725 502 
385-3-4 (B104/95:2-3)-3-4 37 380 3.423 488 
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Table 1. Continued 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
387-3-4 (B104/95:2-3)-3-4 32 480 5.000 494 
392-3-4 (B104/95:2-3)-3-4 37 1100 9.910 530 
396-3-4 (B104/95:2-3)-3-4 38 840 7.368 530 
399-3-4 (B104/95:2-3)-3-4 44 260 1.970 502 
400-3-4 (B104/95:2-3)-3-4 37 440 3.964 488 
414-3-5 (B104/95:2-3)-3-5 33 380 3.838 488 
416-3-5 (B104/95:2-3)-3-5 37 560 5.045 510 
417-3-5 (B104/95:2-3)-3-5 46 720 5.217 520 
418-3-5 (B104/95:2-3)-3-5 38 300 2.632 463 
431-3-5 (B104/95:2-3)-3-5 31 280 3.011 488 
432-3-5 (B104/95:2-3)-3-5 40 260 2.167 502 
435-3-5 (B104/95:2-3)-3-5 32 180 1.875 494 
438-3-5 (B104/95:2-3)-3-5 36 260 2.407 494 
439-3-5 (B104/95:2-3)-3-5 32 840 8.750 488 
443-3-5 (B104/95:2-3)-3-5 40 480 4.000 463 
447-3-5 (B104/95:2-3)-3-5 40 660 5.500 480 
450-3-5 (B104/95:2-3)-3-5 36 620 5.741 502 
453-3-5 (B104/95:2-3)-3-5 35 440 4.190 494 
457-3-5 (B104/95:2-3)-3-5 39 840 7.179 494 
458-3-5 (B104/95:2-3)-3-5 36 660 6.111 471 
461-3-5 (B104/95:2-3)-3-5 37 200 1.802 520 
462-3-5 (B104/95:2-3)-3-5 50 620 4.133 520 
463-3-5 (B104/95:2-3)-3-5 40 780 6.500 480 
465-3-5 (B104/95:2-3)-3-5 43 700 5.426 471 
466-3-5 (B104/95:2-3)-3-5 37 460 4.144 488 
467-3-5 (B104/95:2-3)-3-5 38 360 3.158 494 
469-3-5 (B104/95:2-3)-3-5 46 840 6.087 520 
475-3-5 (B104/95:2-3)-3-5 33 200 2.020 463 
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Table 1. Continued 
  Number Popping Expansion Heat units 
Plant  of kernels expansion per kernel to anthesis 
Code Pedigree in 10 g ml 30 g-1 ml kernel-1 (GDD) 
477-3-5 (B104/95:2-3)-3-5 37 740 6.667 502 
478-3-5 (B104/95:2-3)-3-5 39 420 3.590 494 
479-3-5 (B104/95:2-3)-3-5 39 1040 8.889 494 
481-3-5 (B104/95:2-3)-3-5 29 220 2.529 494 
485-3-5 (B104/95:2-3)-3-5 38 420 3.684 488 
486-3-5 (B104/95:2-3)-3-5 32 200 2.083 494 
487-3-5 (B104/95:2-3)-3-5 39 780 6.667 471 
488-3-5 (B104/95:2-3)-3-5 31 240 2.581 488 
490-3-5 (B104/95:2-3)-3-5 35 680 6.476 520 
496-3-5 (B104/95:2-3)-3-5 35 380 3.619 494 
499-3-5 (B104/95:2-3)-3-5 30 400 4.444 488 
500-3-5 (B104/95:2-3)-3-5 40 840 7.000 488 
507-3-5 (B104/95:2-3)-3-5 40 280 2.333 471 
508-3-5 (B104/95:2-3)-3-5 39 360 3.077 502 
509-3-5 (B104/95:2-3)-3-5 32 360 3.750 471 
510-3-5 (B104/95:2-3)-3-5 43 800 6.202 488 
511-3-5 (B104/95:2-3)-3-5 37 540 4.865 488 
512-3-5 (B104/95:2-3)-3-5 33 240 2.424 463 
519-3-5 (B104/95:2-3)-3-5 33 500 5.051 520 
521-3-5 (B104/95:2-3)-3-5 36 460 4.259 502 
523-3-5 (B104/95:2-3)-3-5 36 980 9.074 494 
524-3-5 (B104/95:2-3)-3-5 47 860 6.099 494 
529-3-5 (B104/95:2-3)-3-5 35 840 8.000 520 
531-3-5 (B104/95:2-3)-3-5 31 220 2.366 494 
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Table 2. Phenotypic variables of a F3 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2003 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
6-3-1 (B104x95:2-3)-3-1 1 1 9 43 580 4.50 552 
13-3-1 (B104x95:2-3)-3-1 1 2 123 48 1060 7.36 589 
14-3-1 (B104x95:2-3)-3-1 1 3 131 39 580 4.96 561 
15-3-1 (B104x95:2-3)-3-1 1 4 81 40 520 4.33 561 
20-3-1 (B104x95:2-3)-3-1 1 5 63 37 520 4.68 561 
24-3-1 (B104x95:2-3)-3-1 1 6 112 42 800 6.35 552 
27-3-1 (B104x95:2-3)-3-1 1 7 27 31 420 4.52 552 
37-3-1 (B104x95:2-3)-3-1 1 8 73 45 1040 7.70 552 
38-3-1 (B104x95:2-3)-3-1 1 9 159 41 500 4.07 552 
41-3-1 (B104x95:2-3)-3-1 1 10 55 39 720 6.15 580 
45-3-1 (B104x95:2-3)-3-1 1 11 136 38 360 3.16 552 
51-3-1 (B104x95:2-3)-3-1 1 12 2 46 760 5.51 570 
53-3-1 (B104x95:2-3)-3-1 1 13 11 35 380 3.62 552 
59-3-1 (B104x95:2-3)-3-1 1 14 153 37 740 6.67 580 
60-3-1 (B104x95:2-3)-3-1 1 15 42 45 940 6.96 552 
63-3-1 (B104x95:2-3)-3-1 1 16 103 35 420 4.00 552 
64-3-1 (B104x95:2-3)-3-1 1 17 182 44 1040 7.88 580 
69-3-1 (B104x95:2-3)-3-1 1 18 109 41 780 6.34 552 
72-3-1 (B104x95:2-3)-3-1 1 19 178 37 600 5.41 552 
73-3-1 (B104x95:2-3)-3-1 1 20 144 31 320 3.44 552 
74-3-1 (B104x95:2-3)-3-1 1 21 183 38 580 5.09 570 
82-3-1 (B104x95:2-3)-3-1 1 22 19 37 380 3.42 552 
83-3-1 (B104x95:2-3)-3-1 1 23 40 47 740 5.25 552 
85-3-1 (B104x95:2-3)-3-1 1 24 58 37 540 4.86 580 
86-3-1 (B104x95:2-3)-3-1 1 25 69 37 380 3.42 597 
89-3-1 (B104x95:2-3)-3-1 1 26 188 38 460 4.04 552 
92-3-1 (B104x95:2-3)-3-1 1 27 44 38 820 7.19 561 
93-3-1 (B104x95:2-3)-3-1 1 28 82 38 840 7.37 561 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
94-3-1 (B104x95:2-3)-3-1 1 29 84 48 780 5.42 552 
95-3-1 (B104x95:2-3)-3-1 1 30 83 33 360 3.64 552 
97-3-1 (B104x95:2-3)-3-1 1 31 169 41 880 7.15 552 
98-3-1 (B104x95:2-3)-3-1 1 32 175 34 520 5.10 580 
103-3-1 (B104x95:2-3)-3-1 1 33 61 40 400 3.33 570 
104-3-1 (B104x95:2-3)-3-1 1 34 57 43 880 6.82 570 
106-3-1 (B104x95:2-3)-3-1 1 35 51 43 660 5.12 561 
107-3-1 (B104x95:2-3)-3-1 1 36 70 34 600 5.88 580 
110-3-1 (B104x95:2-3)-3-1 1 37 165 46 660 4.78 552 
113-3-1 (B104x95:2-3)-3-1 1 38 180 40 580 4.83 561 
115-3-1 (B104x95:2-3)-3-1 1 39 118 41 700 5.69 570 
116-3-1 (B104x95:2-3)-3-1 1 40 196 42 880 6.98 570 
117-3-1 (B104x95:2-3)-3-1 1 41 114 43 800 6.20 552 
119-3-1 (B104x95:2-3)-3-1 1 42 98 43 780 6.05 580 
120-3-1 (B104x95:2-3)-3-1 1 43 21 45 740 5.48 552 
121-3-1 (B104x95:2-3)-3-1 1 44 133 44 580 4.39 570 
136-3-3 (B104x95:2-3)-3-3 1 45 110 42 760 6.03 561 
137-3-3 (B104x95:2-3)-3-3 1 46 108 36 360 3.33 552 
139-3-3 (B104x95:2-3)-3-3 1 47 163 40 340 2.83 552 
140-3-3 (B104x95:2-3)-3-3 1 48 54 36 820 7.59 580 
141-3-3 (B104x95:2-3)-3-3 1 49 106 34 460 4.51 552 
144-3-3 (B104x95:2-3)-3-3 1 50 191 40 760 6.33 535 
149-3-3 (B104x95:2-3)-3-3 1 51 173 34 360 3.53 552 
154-3-3 (B104x95:2-3)-3-3 1 52 24 44 900 6.82 552 
156-3-3 (B104x95:2-3)-3-3 1 53 119 49 1000 6.80 561 
168-3-3 (B104x95:2-3)-3-3 1 54 115 41 460 3.74 552 
169-3-3 (B104x95:2-3)-3-3 1 55 66 51 580 3.79 552 
172-3-3 (B104x95:2-3)-3-3 1 56 125 37 740 6.67 561 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
174-3-3 (B104x95:2-3)-3-3 1 57 94 43 1020 7.91 605 
175-3-3 (B104x95:2-3)-3-3 1 58 146 43 700 5.43 570 
179-3-3 (B104x95:2-3)-3-3 1 59 35 40 920 7.67 552 
185-3-3 (B104x95:2-3)-3-3 1 60 134 37 600 5.41 561 
188-3-3 (B104x95:2-3)-3-3 1 61 22 45 600 4.44 552 
190-3-3 (B104x95:2-3)-3-3 1 62 189 40 500 4.17 552 
195-3-3 (B104x95:2-3)-3-3 1 63 145 45 1040 7.70 552 
196-3-3 (B104x95:2-3)-3-3 1 64 30 37 560 5.05 552 
197-3-3 (B104x95:2-3)-3-3 1 65 8 36 660 6.11 570 
198-3-3 (B104x95:2-3)-3-3 1 66 75 48 980 6.81 552 
201-3-3 (B104x95:2-3)-3-3 1 67 1 41 540 4.39 552 
202-3-3 (B104x95:2-3)-3-3 1 68 147 50 600 4.00 552 
203-3-3 (B104x95:2-3)-3-3 1 69 190 36 560 5.19 552 
208-3-3 (B104x95:2-3)-3-3 1 70 45 49 960 6.53 552 
209-3-3 (B104x95:2-3)-3-3 1 71 80 34 320 3.14 580 
212-3-3 (B104x95:2-3)-3-3 1 72 37 40 620 5.17 552 
214-3-3 (B104x95:2-3)-3-3 1 73 130 43 720 5.58 561 
219-3-3 (B104x95:2-3)-3-3 1 74 181 43 840 6.51 552 
220-3-3 (B104x95:2-3)-3-3 1 75 77 37 320 2.88 552 
221-3-3 (B104x95:2-3)-3-3 1 76 167 46 660 4.78 552 
222-3-3 (B104x95:2-3)-3-3 1 77 71 37 620 5.59 552 
223-3-3 (B104x95:2-3)-3-3 1 78 5 39 400 3.42 552 
225-3-3 (B104x95:2-3)-3-3 1 79 17 40 960 8.00 570 
227-3-3 (B104x95:2-3)-3-3 1 80 155 32 520 5.42 580 
234-3-3 (B104x95:2-3)-3-3 1 81 4 48 760 5.28 535 
236-3-3 (B104x95:2-3)-3-3 1 82 100 36 520 4.81 570 
237-3-3 (B104x95:2-3)-3-3 1 83 46 42 500 3.97 552 
240-3-3 (B104x95:2-3)-3-3 1 84 79 40 760 6.33 552 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
241-3-3 (B104x95:2-3)-3-3 1 85 124 42 560 4.44 552 
245-3-3 (B104x95:2-3)-3-3 1 86 171 43 680 5.27 561 
249-3-3 (B104x95:2-3)-3-3 1 87 86 39 600 5.13 561 
250-3-3 (B104x95:2-3)-3-3 1 88 105 47 920 6.52 561 
251-3-3 (B104x95:2-3)-3-3 1 89 15 40 480 4.00 561 
257-3-3 (B104x95:2-3)-3-3 1 90 162 48 1120 7.78 561 
263-3-3 (B104x95:2-3)-3-3 1 91 26 44 520 3.94 552 
264-3-3 (B104x95:2-3)-3-3 1 92 141 40 780 6.50 552 
279-3-4 (B104x95:2-3)-3-4 1 93 48 37 480 4.32 552 
280-3-4 (B104x95:2-3)-3-4 1 94 64 39 860 7.35 561 
281-3-4 (B104x95:2-3)-3-4 1 95 31 44 1200 9.09 552 
284-3-4 (B104x95:2-3)-3-4 1 96 126 43 820 6.36 561 
285-3-4 (B104x95:2-3)-3-4 1 97 78 37 500 4.50 580 
287-3-4 (B104x95:2-3)-3-4 1 98 132 35 540 5.14 570 
297-3-4 (B104x95:2-3)-3-4 1 99 36 39 860 7.35 535 
298-3-4 (B104x95:2-3)-3-4 1 100 3 58 780 4.48 580 
302-3-4 (B104x95:2-3)-3-4 1 101 137 49 840 5.71 552 
303-3-4 (B104x95:2-3)-3-4 1 102 161 43 840 6.51 552 
304-3-4 (B104x95:2-3)-3-4 1 103 168 42 660 5.24 589 
309-3-4 (B104x95:2-3)-3-4 1 104 113 43 760 5.89 570 
313-3-4 (B104x95:2-3)-3-4 1 105 88 38 840 7.37 561 
315-3-4 (B104x95:2-3)-3-4 1 106 91 39 560 4.79 580 
316-3-4 (B104x95:2-3)-3-4 1 107 39 47 540 3.83 552 
317-3-4 (B104x95:2-3)-3-4 1 108 25 40 540 4.50 552 
320-3-4 (B104x95:2-3)-3-4 1 109 122 35 360 3.43 552 
327-3-4 (B104x95:2-3)-3-4 1 110 120 51 880 5.75 552 
328-3-4 (B104x95:2-3)-3-4 1 111 65 45 600 4.44 552 
330-3-4 (B104x95:2-3)-3-4 1 112 107 43 740 5.74 552 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
331-3-4 (B104x95:2-3)-3-4 1 113 12 53 900 5.66 552 
335-3-4 (B104x95:2-3)-3-4 1 114 16 49 1040 7.07 580 
336-3-4 (B104x95:2-3)-3-4 1 115 166 53 780 4.91 552 
337-3-4 (B104x95:2-3)-3-4 1 116 186 48 500 3.47 552 
338-3-4 (B104x95:2-3)-3-4 1 117 28 42 820 6.51 561 
340-3-4 (B104x95:2-3)-3-4 1 118 43 46 780 5.65 552 
341-3-4 (B104x95:2-3)-3-4 1 119 7 47 640 4.54 561 
344-3-4 (B104x95:2-3)-3-4 1 120 14 42 1200 9.52 561 
347-3-4 (B104x95:2-3)-3-4 1 121 6 39 720 6.15 580 
350-3-4 (B104x95:2-3)-3-4 1 122 148 37 440 3.96 570 
351-3-4 (B104x95:2-3)-3-4 1 123 139 35 400 3.81 552 
356-3-4 (B104x95:2-3)-3-4 1 124 53 48 960 6.67 580 
357-3-4 (B104x95:2-3)-3-4 1 125 90 38 640 5.61 580 
360-3-4 (B104x95:2-3)-3-4 1 126 96 47 540 3.83 580 
368-3-4 (B104x95:2-3)-3-4 1 127 152 47 880 6.24 570 
370-3-4 (B104x95:2-3)-3-4 1 128 170 46 840 6.09 570 
371-3-4 (B104x95:2-3)-3-4 1 129 67 40 440 3.67 570 
372-3-4 (B104x95:2-3)-3-4 1 130 177 39 880 7.52 570 
374-3-4 (B104x95:2-3)-3-4 1 131 13 36 340 3.15 552 
375-3-4 (B104x95:2-3)-3-4 1 132 34 38 600 5.26 552 
376-3-4 (B104x95:2-3)-3-4 1 133 160 41 680 5.53 580 
380-3-4 (B104x95:2-3)-3-4 1 134 23 37 460 4.14 580 
381-3-4 (B104x95:2-3)-3-4 1 135 74 46 700 5.07 552 
382-3-4 (B104x95:2-3)-3-4 1 136 135 35 680 6.48 552 
385-3-4 (B104x95:2-3)-3-4 1 137 184 38 680 5.96 535 
387-3-4 (B104x95:2-3)-3-4 1 138 195 39 500 4.27 570 
392-3-4 (B104x95:2-3)-3-4 1 139 138 42 900 7.14 597 
396-3-4 (B104x95:2-3)-3-4 1 140 157 41 920 7.48 580 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
399-3-4 (B104x95:2-3)-3-4 1 141 92 42 320 2.54 561 
400-3-4 (B104x95:2-3)-3-4 1 142 85 39 960 8.21 552 
414-3-5 (B104x95:2-3)-3-5 1 143 149 36 440 4.07 552 
416-3-5 (B104x95:2-3)-3-5 1 144 47 39 660 5.64 580 
417-3-5 (B104x95:2-3)-3-5 1 145 111 44 980 7.42 580 
418-3-5 (B104x95:2-3)-3-5 1 146 127 35 380 3.62 552 
431-3-5 (B104x95:2-3)-3-5 1 147 60 34 460 4.51 561 
432-3-5 (B104x95:2-3)-3-5 1 148 29 49 640 4.35 580 
435-3-5 (B104x95:2-3)-3-5 1 149 32 34 180 1.76 552 
438-3-5 (B104x95:2-3)-3-5 1 150 38 44 260 1.97 570 
439-3-5 (B104x95:2-3)-3-5 1 151 62 39 840 7.18 570 
443-3-5 (B104x95:2-3)-3-5 1 152 99 41 920 7.48 535 
447-3-5 (B104x95:2-3)-3-5 1 153 56 49 600 4.08 552 
450-3-5 (B104x95:2-3)-3-5 1 154 49 46 1240 8.99 580 
453-3-5 (B104x95:2-3)-3-5 1 155 93 41 940 7.64 580 
457-3-5 (B104x95:2-3)-3-5 1 156 176 43 880 6.82 552 
458-3-5 (B104x95:2-3)-3-5 1 157 95 39 720 6.15 535 
461-3-5 (B104x95:2-3)-3-5 1 158 151 45 720 5.33 580 
462-3-5 (B104x95:2-3)-3-5 1 159 121 39 500 4.27 552 
463-3-5 (B104x95:2-3)-3-5 1 160 104 43 680 5.27 552 
465-3-5 (B104x95:2-3)-3-5 1 161 143 44 1020 7.73 535 
466-3-5 (B104x95:2-3)-3-5 1 162 10 42 940 7.46 552 
467-3-5 (B104x95:2-3)-3-5 1 163 68 42 640 5.08 570 
469-3-5 (B104x95:2-3)-3-5 1 164 187 46 1020 7.39 570 
475-3-5 (B104x95:2-3)-3-5 1 165 59 42 540 4.29 535 
477-3-5 (B104x95:2-3)-3-5 1 166 172 42 660 5.24 552 
478-3-5 (B104x95:2-3)-3-5 1 167 156 37 560 5.05 561 
479-3-5 (B104x95:2-3)-3-5 1 168 76 40 900 7.50 561 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
481-3-5 (B104x95:2-3)-3-5 1 169 116 38 400 3.51 570 
485-3-5 (B104x95:2-3)-3-5 1 170 50 45 860 6.37 552 
486-3-5 (B104x95:2-3)-3-5 1 171 174 36 360 3.33 552 
487-3-5 (B104x95:2-3)-3-5 1 172 158 43 940 7.29 552 
488-3-5 (B104x95:2-3)-3-5 1 173 97 35 440 4.19 580 
490-3-5 (B104x95:2-3)-3-5 1 174 18 40 1000 8.33 580 
496-3-5 (B104x95:2-3)-3-5 1 175 179 38 800 7.02 561 
499-3-5 (B104x95:2-3)-3-5 1 176 41 39 460 3.93 552 
500-3-5 (B104x95:2-3)-3-5 1 177 33 44 1140 8.64 561 
507-3-5 (B104x95:2-3)-3-5 1 178 164 46 940 6.81 552 
508-3-5 (B104x95:2-3)-3-5 1 179 150 40 580 4.83 570 
509-3-5 (B104x95:2-3)-3-5 1 180 87 35 360 3.43 552 
510-3-5 (B104x95:2-3)-3-5 1 181 128 38 820 7.19 570 
511-3-5 (B104x95:2-3)-3-5 1 182 129 45 620 4.59 580 
512-3-5 (B104x95:2-3)-3-5 1 183 142 35 540 5.14 552 
519-3-5 (B104x95:2-3)-3-5 1 184 52 36 640 5.93 580 
521-3-5 (B104x95:2-3)-3-5 1 185 193 37 640 5.77 570 
523-3-5 (B104x95:2-3)-3-5 1 186 192 41 980 7.97 561 
524-3-5 (B104x95:2-3)-3-5 1 187 89 51 840 5.49 580 
529-3-5 (B104x95:2-3)-3-5 1 188 102 40 840 7.00 589 
531-3-5 (B104x95:2-3)-3-5 1 189 185 43 700 5.43 570 
 B104 1 190 20 32 240 2.50 597 
 B104 1 191 72 35 260 2.48 589 
 95-2 1 192 194 70 1300 6.19 561 
 95-2 1 193 101 75 1220 5.42 561 
 (B104x95:2-3) 1 194 117 32 480 5.00 552 
 (B104x95:2-3) 1 195 140 35 420 4.00 552 
 (B104x95:2-3) 1 196 154 35 320 3.05 552 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
6-3-1 (B104x95:2-3)-3-1 2 1 154 39 440 3.76 552 
13-3-1 (B104x95:2-3)-3-1 2 2 146 48 960 6.67 580 
14-3-1 (B104x95:2-3)-3-1 2 3 187 35 420 4.00 570 
15-3-1 (B104x95:2-3)-3-1 2 4 4 38 460 4.04 570 
20-3-1 (B104x95:2-3)-3-1 2 5 173 40 440 3.67 561 
24-3-1 (B104x95:2-3)-3-1 2 6 78 39 600 5.13 552 
27-3-1 (B104x95:2-3)-3-1 2 7 133 35 280 2.67 561 
37-3-1 (B104x95:2-3)-3-1 2 8 55 48 900 6.25 570 
38-3-1 (B104x95:2-3)-3-1 2 9 24 38 540 4.74 552 
41-3-1 (B104x95:2-3)-3-1 2 10 25 36 640 5.93 570 
45-3-1 (B104x95:2-3)-3-1 2 11 114 41 360 2.93 552 
51-3-1 (B104x95:2-3)-3-1 2 12 131 50 620 4.13 570 
53-3-1 (B104x95:2-3)-3-1 2 13 156 32 360 3.75 552 
59-3-1 (B104x95:2-3)-3-1 2 14 48 38 500 4.39 580 
60-3-1 (B104x95:2-3)-3-1 2 15 52 38 620 5.44 561 
63-3-1 (B104x95:2-3)-3-1 2 16 60 35 440 4.19 552 
64-3-1 (B104x95:2-3)-3-1 2 17 27 50 880 5.87 589 
69-3-1 (B104x95:2-3)-3-1 2 18 49 46 800 5.80 552 
72-3-1 (B104x95:2-3)-3-1 2 19 98 36 740 6.85 552 
73-3-1 (B104x95:2-3)-3-1 2 20 14 31 380 4.09 561 
74-3-1 (B104x95:2-3)-3-1 2 21 31 39 400 3.42 552 
82-3-1 (B104x95:2-3)-3-1 2 22 3 36 360 3.33 570 
83-3-1 (B104x95:2-3)-3-1 2 23 105 46 700 5.07 552 
85-3-1 (B104x95:2-3)-3-1 2 24 150 42 680 5.40 589 
86-3-1 (B104x95:2-3)-3-1 2 25 112 34 520 5.10 597 
89-3-1 (B104x95:2-3)-3-1 2 26 90 40 500 4.17 570 
92-3-1 (B104x95:2-3)-3-1 2 27 167 39 800 6.84 561 
93-3-1 (B104x95:2-3)-3-1 2 28 194 42 860 6.83 561 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
94-3-1 (B104x95:2-3)-3-1 2 29 6 48 740 5.14 535 
95-3-1 (B104x95:2-3)-3-1 2 30 29 42 480 3.81 552 
97-3-1 (B104x95:2-3)-3-1 2 31 41 48 680 4.72 552 
98-3-1 (B104x95:2-3)-3-1 2 32 109 36 620 5.74 580 
103-3-1 (B104x95:2-3)-3-1 2 33 37 48 560 3.89 561 
104-3-1 (B104x95:2-3)-3-1 2 34 162 41 760 6.18 535 
106-3-1 (B104x95:2-3)-3-1 2 35 1 45 640 4.74 570 
107-3-1 (B104x95:2-3)-3-1 2 36 140 41 500 4.07 589 
110-3-1 (B104x95:2-3)-3-1 2 37 85 52 660 4.23 552 
113-3-1 (B104x95:2-3)-3-1 2 38 178 40 600 5.00 570 
115-3-1 (B104x95:2-3)-3-1 2 39 125 39 640 5.47 570 
116-3-1 (B104x95:2-3)-3-1 2 40 185 45 960 7.11 561 
117-3-1 (B104x95:2-3)-3-1 2 41 165 39 460 3.93 552 
119-3-1 (B104x95:2-3)-3-1 2 42 99 44 760 5.76 570 
120-3-1 (B104x95:2-3)-3-1 2 43 153 42 600 4.76 552 
121-3-1 (B104x95:2-3)-3-1 2 44 10 50 720 4.80 561 
136-3-3 (B104x95:2-3)-3-3 2 45 141 50 640 4.27 552 
137-3-3 (B104x95:2-3)-3-3 2 46 38 31 380 4.09 552 
139-3-3 (B104x95:2-3)-3-3 2 47 69 36 340 3.15 552 
140-3-3 (B104x95:2-3)-3-3 2 48 72 35 760 7.24 561 
141-3-3 (B104x95:2-3)-3-3 2 49 138 36 460 4.26 561 
144-3-3 (B104x95:2-3)-3-3 2 50 107 47 660 4.68 552 
149-3-3 (B104x95:2-3)-3-3 2 51 63 34 440 4.31 561 
154-3-3 (B104x95:2-3)-3-3 2 52 97 39 620 5.30 552 
156-3-3 (B104x95:2-3)-3-3 2 53 30 48 960 6.67 552 
168-3-3 (B104x95:2-3)-3-3 2 54 61 40 480 4.00 552 
169-3-3 (B104x95:2-3)-3-3 2 55 166 50 460 3.07 552 
172-3-3 (B104x95:2-3)-3-3 2 56 108 41 760 6.18 580 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
174-3-3 (B104x95:2-3)-3-3 2 57 76 42 660 5.24 605 
175-3-3 (B104x95:2-3)-3-3 2 58 26 46 580 4.20 561 
179-3-3 (B104x95:2-3)-3-3 2 59 157 40 1060 8.83 561 
185-3-3 (B104x95:2-3)-3-3 2 60 35 44 680 5.15 561 
188-3-3 (B104x95:2-3)-3-3 2 61 74 43 460 3.57 552 
190-3-3 (B104x95:2-3)-3-3 2 62 43 43 660 5.12 552 
195-3-3 (B104x95:2-3)-3-3 2 63 44 44 1040 7.88 552 
196-3-3 (B104x95:2-3)-3-3 2 64 86 36 440 4.07 552 
197-3-3 (B104x95:2-3)-3-3 2 65 8 37 620 5.59 580 
198-3-3 (B104x95:2-3)-3-3 2 66 179 45 760 5.63 552 
201-3-3 (B104x95:2-3)-3-3 2 67 70 38 460 4.04 561 
202-3-3 (B104x95:2-3)-3-3 2 68 135 49 560 3.81 561 
203-3-3 (B104x95:2-3)-3-3 2 69 11 38 640 5.61 561 
208-3-3 (B104x95:2-3)-3-3 2 70 186 55 780 4.73 561 
209-3-3 (B104x95:2-3)-3-3 2 71 22 34 260 2.55 570 
212-3-3 (B104x95:2-3)-3-3 2 72 19 44 480 3.64 552 
214-3-3 (B104x95:2-3)-3-3 2 73 17 41 800 6.50 561 
219-3-3 (B104x95:2-3)-3-3 2 74 12 43 620 4.81 561 
220-3-3 (B104x95:2-3)-3-3 2 75 126 36 380 3.52 552 
221-3-3 (B104x95:2-3)-3-3 2 76 143 46 600 4.35 561 
222-3-3 (B104x95:2-3)-3-3 2 77 80 41 660 5.37 552 
223-3-3 (B104x95:2-3)-3-3 2 78 113 42 640 5.08 552 
225-3-3 (B104x95:2-3)-3-3 2 79 118 44 880 6.67 580 
227-3-3 (B104x95:2-3)-3-3 2 80 147 36 620 5.74 580 
234-3-3 (B104x95:2-3)-3-3 2 81 164 45 660 4.89 535 
236-3-3 (B104x95:2-3)-3-3 2 82 120 40 460 3.83 561 
237-3-3 (B104x95:2-3)-3-3 2 83 124 44 320 2.42 552 
240-3-3 (B104x95:2-3)-3-3 2 84 128 51 760 4.97 552 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
241-3-3 (B104x95:2-3)-3-3 2 85 129 41 520 4.23 552 
245-3-3 (B104x95:2-3)-3-3 2 86 57 41 740 6.02 552 
249-3-3 (B104x95:2-3)-3-3 2 87 34 40 540 4.50 561 
250-3-3 (B104x95:2-3)-3-3 2 88 18 51 880 5.75 561 
251-3-3 (B104x95:2-3)-3-3 2 89 184 39 560 4.79 570 
257-3-3 (B104x95:2-3)-3-3 2 90 160 51 1020 6.67 561 
263-3-3 (B104x95:2-3)-3-3 2 91 168 36 380 3.52 552 
264-3-3 (B104x95:2-3)-3-3 2 92 89 39 440 3.76 552 
279-3-4 (B104x95:2-3)-3-4 2 93 33 44 520 3.94 552 
280-3-4 (B104x95:2-3)-3-4 2 94 115 39 880 7.52 561 
281-3-4 (B104x95:2-3)-3-4 2 95 148 43 1000 7.75 561 
284-3-4 (B104x95:2-3)-3-4 2 96 5 38 660 5.79 561 
285-3-4 (B104x95:2-3)-3-4 2 97 93 41 580 4.72 580 
287-3-4 (B104x95:2-3)-3-4 2 98 106 42 620 4.92 580 
297-3-4 (B104x95:2-3)-3-4 2 99 58 36 760 7.04 552 
298-3-4 (B104x95:2-3)-3-4 2 100 21 62 860 4.62 570 
302-3-4 (B104x95:2-3)-3-4 2 101 182 51 820 5.36 552 
303-3-4 (B104x95:2-3)-3-4 2 102 188 46 720 5.22 561 
304-3-4 (B104x95:2-3)-3-4 2 103 32 45 800 5.93 580 
309-3-4 (B104x95:2-3)-3-4 2 104 23 40 740 6.17 570 
313-3-4 (B104x95:2-3)-3-4 2 105 151 41 660 5.37 561 
315-3-4 (B104x95:2-3)-3-4 2 106 189 42 600 4.76 561 
316-3-4 (B104x95:2-3)-3-4 2 107 81 47 780 5.53 535 
317-3-4 (B104x95:2-3)-3-4 2 108 40 41 540 4.39 552 
320-3-4 (B104x95:2-3)-3-4 2 109 183 34 280 2.75 561 
327-3-4 (B104x95:2-3)-3-4 2 110 56 57 620 3.63 561 
328-3-4 (B104x95:2-3)-3-4 2 111 20 45 760 5.63 552 
330-3-4 (B104x95:2-3)-3-4 2 112 87 42 740 5.87 552 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
331-3-4 (B104x95:2-3)-3-4 2 113 121 52 680 4.36 561 
335-3-4 (B104x95:2-3)-3-4 2 114 15 48 960 6.67 580 
336-3-4 (B104x95:2-3)-3-4 2 115 139 49 860 5.85 561 
337-3-4 (B104x95:2-3)-3-4 2 116 111 53 580 3.65 552 
338-3-4 (B104x95:2-3)-3-4 2 117 51 36 680 6.30 561 
340-3-4 (B104x95:2-3)-3-4 2 118 54 41 720 5.85 561 
341-3-4 (B104x95:2-3)-3-4 2 119 110 43 540 4.19 561 
344-3-4 (B104x95:2-3)-3-4 2 120 39 47 1040 7.38 580 
347-3-4 (B104x95:2-3)-3-4 2 121 196 39 600 5.13 589 
350-3-4 (B104x95:2-3)-3-4 2 122 83 38 440 3.86 580 
351-3-4 (B104x95:2-3)-3-4 2 123 163 38 540 4.74 552 
356-3-4 (B104x95:2-3)-3-4 2 124 171 49 940 6.39 580 
357-3-4 (B104x95:2-3)-3-4 2 125 137 38 680 5.96 589 
360-3-4 (B104x95:2-3)-3-4 2 126 47 47 660 4.68 597 
368-3-4 (B104x95:2-3)-3-4 2 127 158 45 1000 7.41 570 
370-3-4 (B104x95:2-3)-3-4 2 128 46 46 880 6.38 561 
371-3-4 (B104x95:2-3)-3-4 2 129 195 42 460 3.65 580 
372-3-4 (B104x95:2-3)-3-4 2 130 144 47 940 6.67 580 
374-3-4 (B104x95:2-3)-3-4 2 131 181 37 300 2.70 570 
375-3-4 (B104x95:2-3)-3-4 2 132 172 41 780 6.34 561 
376-3-4 (B104x95:2-3)-3-4 2 133 170 43 640 4.96 580 
380-3-4 (B104x95:2-3)-3-4 2 134 36 35 380 3.62 589 
381-3-4 (B104x95:2-3)-3-4 2 135 100 54 780 4.81 570 
382-3-4 (B104x95:2-3)-3-4 2 136 53 41 660 5.37 552 
385-3-4 (B104x95:2-3)-3-4 2 137 28 48 520 3.61 552 
387-3-4 (B104x95:2-3)-3-4 2 138 130 48 600 4.17 561 
392-3-4 (B104x95:2-3)-3-4 2 139 62 47 780 5.53 614 
396-3-4 (B104x95:2-3)-3-4 2 140 82 44 960 7.27 589 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
399-3-4 (B104x95:2-3)-3-4 2 141 169 42 420 3.33 570 
400-3-4 (B104x95:2-3)-3-4 2 142 116 49 880 5.99 561 
414-3-5 (B104x95:2-3)-3-5 2 143 192 43 460 3.57 552 
416-3-5 (B104x95:2-3)-3-5 2 144 104 44 860 6.52 605 
417-3-5 (B104x95:2-3)-3-5 2 145 159 49 740 5.03 570 
418-3-5 (B104x95:2-3)-3-5 2 146 127 36 300 2.78 552 
431-3-5 (B104x95:2-3)-3-5 2 147 50 33 340 3.43 552 
432-3-5 (B104x95:2-3)-3-5 2 148 123 47 600 4.26 580 
435-3-5 (B104x95:2-3)-3-5 2 149 132 52 260 1.67 552 
438-3-5 (B104x95:2-3)-3-5 2 150 191 40 500 4.17 561 
439-3-5 (B104x95:2-3)-3-5 2 151 77 39 700 5.98 561 
443-3-5 (B104x95:2-3)-3-5 2 152 174 44 840 6.36 552 
447-3-5 (B104x95:2-3)-3-5 2 153 91 49 440 2.99 552 
450-3-5 (B104x95:2-3)-3-5 2 154 64 39 780 6.67 580 
453-3-5 (B104x95:2-3)-3-5 2 155 161 39 640 5.47 570 
457-3-5 (B104x95:2-3)-3-5 2 156 103 43 960 7.44 552 
458-3-5 (B104x95:2-3)-3-5 2 157 65 43 780 6.05 552 
461-3-5 (B104x95:2-3)-3-5 2 158 117 51 480 3.14 597 
462-3-5 (B104x95:2-3)-3-5 2 159 180 45 560 4.15 552 
463-3-5 (B104x95:2-3)-3-5 2 160 9 44 860 6.52 552 
465-3-5 (B104x95:2-3)-3-5 2 161 101 48 900 6.25 535 
466-3-5 (B104x95:2-3)-3-5 2 162 45 40 1000 8.33 561 
467-3-5 (B104x95:2-3)-3-5 2 163 95 42 780 6.19 570 
469-3-5 (B104x95:2-3)-3-5 2 164 152 54 980 6.05 570 
475-3-5 (B104x95:2-3)-3-5 2 165 2 37 320 2.88 552 
477-3-5 (B104x95:2-3)-3-5 2 166 119 43 400 3.10 552 
478-3-5 (B104x95:2-3)-3-5 2 167 7 38 520 4.56 580 
479-3-5 (B104x95:2-3)-3-5 2 168 155 42 960 7.62 570 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
481-3-5 (B104x95:2-3)-3-5 2 169 88 39 420 3.59 570 
485-3-5 (B104x95:2-3)-3-5 2 170 136 42 540 4.29 561 
486-3-5 (B104x95:2-3)-3-5 2 171 73 40 400 3.33 552 
487-3-5 (B104x95:2-3)-3-5 2 172 177 45 780 5.78 552 
488-3-5 (B104x95:2-3)-3-5 2 173 16 33 360 3.64 561 
490-3-5 (B104x95:2-3)-3-5 2 174 145 41 1000 8.13 580 
496-3-5 (B104x95:2-3)-3-5 2 175 134 51 740 4.84 552 
499-3-5 (B104x95:2-3)-3-5 2 176 190 34 460 4.51 552 
500-3-5 (B104x95:2-3)-3-5 2 177 13 43 900 6.98 570 
507-3-5 (B104x95:2-3)-3-5 2 178 102 50 920 6.13 552 
508-3-5 (B104x95:2-3)-3-5 2 179 175 43 480 3.72 561 
509-3-5 (B104x95:2-3)-3-5 2 180 94 35 260 2.48 552 
510-3-5 (B104x95:2-3)-3-5 2 181 96 45 760 5.63 570 
511-3-5 (B104x95:2-3)-3-5 2 182 79 41 580 4.72 580 
512-3-5 (B104x95:2-3)-3-5 2 183 149 37 440 3.96 535 
519-3-5 (B104x95:2-3)-3-5 2 184 67 39 500 4.27 580 
521-3-5 (B104x95:2-3)-3-5 2 185 122 41 640 5.20 580 
523-3-5 (B104x95:2-3)-3-5 2 186 75 47 960 6.81 570 
524-3-5 (B104x95:2-3)-3-5 2 187 92 55 960 5.82 570 
529-3-5 (B104x95:2-3)-3-5 2 188 71 43 820 6.36 580 
531-3-5 (B104x95:2-3)-3-5 2 189 42 38 480 4.21 561 
 B104 2 190 66 34 220 2.16 597 
 B104 2 191 59 33 260 2.63 597 
 95-2 2 192 176 76 1340 5.88 570 
 95-2 2 193 193 72 1400 6.48 570 
 (B104x95:2-3) 2 194 84 36 460 4.26 552 
 (B104x95:2-3) 2 195 142 37 460 4.14 552 
 (B104x95:2-3) 2 196 68 36 540 5.00 552 
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Table 2. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
Mean     42 663 5.25 562 
Minimum     31 180 1.67 535 
Maximum     62 1240 9.52 614 
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Table 3. Phenotypic variables of a F3 generation of B104 x 95:2 maize 
population evaluated in Curtiss farm, 2003 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
6-3-1 (B104x95:2-3)-3-1 3 1 148 43 620 4.81 528 
13-3-1 (B104x95:2-3)-3-1 3 2 86 48 1080 7.50 565 
14-3-1 (B104x95:2-3)-3-1 3 3 2 38 680 5.96 548 
15-3-1 (B104x95:2-3)-3-1 3 4 66 42 240 1.90 574 
20-3-1 (B104x95:2-3)-3-1 3 5 42 42 520 4.13 538 
24-3-1 (B104x95:2-3)-3-1 3 6 24 38 760 6.67 528 
27-3-1 (B104x95:2-3)-3-1 3 7 16 36 300 2.78 548 
37-3-1 (B104x95:2-3)-3-1 3 8 187 51 1280 8.37 548 
38-3-1 (B104x95:2-3)-3-1 3 9 154 41 680 5.53 548 
41-3-1 (B104x95:2-3)-3-1 3 10 57 40 760 6.33 538 
45-3-1 (B104x95:2-3)-3-1 3 11 169 37 460 4.14 538 
51-3-1 (B104x95:2-3)-3-1 3 12 173 46 760 5.51 565 
53-3-1 (B104x95:2-3)-3-1 3 13 74 32 220 2.29 512 
59-3-1 (B104x95:2-3)-3-1 3 14 55 35 460 4.38 548 
60-3-1 (B104x95:2-3)-3-1 3 15 118 41 600 4.88 538 
63-3-1 (B104x95:2-3)-3-1 3 16 167 38 480 4.21 512 
64-3-1 (B104x95:2-3)-3-1 3 17 4 43 1060 8.22 565 
69-3-1 (B104x95:2-3)-3-1 3 18 98 52 900 5.77 538 
72-3-1 (B104x95:2-3)-3-1 3 19 62 39 780 6.67 528 
73-3-1 (B104x95:2-3)-3-1 3 20 39 36 260 2.41 528 
74-3-1 (B104x95:2-3)-3-1 3 21 26 43 540 4.19 565 
82-3-1 (B104x95:2-3)-3-1 3 22 183 36 360 3.33 565 
83-3-1 (B104x95:2-3)-3-1 3 23 145 44 640 4.85 565 
85-3-1 (B104x95:2-3)-3-1 3 24 15 42 400 3.17 565 
86-3-1 (B104x95:2-3)-3-1 3 25 80 39 460 3.93 574 
89-3-1 (B104x95:2-3)-3-1 3 26 120 40 500 4.17 548 
92-3-1 (B104x95:2-3)-3-1 3 27 114 38 620 5.44 538 
93-3-1 (B104x95:2-3)-3-1 3 28 18 38 720 6.32 548 
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Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
94-3-1 (B104x95:2-3)-3-1 3 29 77 52 700 4.49 506 
95-3-1 (B104x95:2-3)-3-1 3 30 176 37 480 4.32 548 
97-3-1 (B104x95:2-3)-3-1 3 31 140 43 660 5.12 538 
98-3-1 (B104x95:2-3)-3-1 3 32 73 35 460 4.38 565 
103-3-1 (B104x95:2-3)-3-1 3 33 115 47 600 4.26 565 
104-3-1 (B104x95:2-3)-3-1 3 34 92 42 760 6.03 506 
106-3-1 (B104x95:2-3)-3-1 3 35 116 38 460 4.04 520 
107-3-1 (B104x95:2-3)-3-1 3 36 139 36 720 6.67 565 
110-3-1 (B104x95:2-3)-3-1 3 37 9 54 600 3.70 538 
113-3-1 (B104x95:2-3)-3-1 3 38 178 44 540 4.09 548 
115-3-1 (B104x95:2-3)-3-1 3 39 52 44 780 5.91 548 
116-3-1 (B104x95:2-3)-3-1 3 40 142 45 820 6.07 574 
117-3-1 (B104x95:2-3)-3-1 3 41 153 45 760 5.63 538 
119-3-1 (B104x95:2-3)-3-1 3 42 54 45 560 4.15 548 
120-3-1 (B104x95:2-3)-3-1 3 43 65 49 680 4.63 520 
121-3-1 (B104x95:2-3)-3-1 3 44 106 46 620 4.49 528 
136-3-3 (B104x95:2-3)-3-3 3 45 104 51 540 3.53 548 
137-3-3 (B104x95:2-3)-3-3 3 46 184 41 340 2.76 565 
139-3-3 (B104x95:2-3)-3-3 3 47 45 39 220 1.88 528 
140-3-3 (B104x95:2-3)-3-3 3 48 96 38 580 5.09 565 
141-3-3 (B104x95:2-3)-3-3 3 49 78 40 460 3.83 538 
144-3-3 (B104x95:2-3)-3-3 3 50 23 39 600 5.13 538 
149-3-3 (B104x95:2-3)-3-3 3 51 186 38 380 3.33 548 
154-3-3 (B104x95:2-3)-3-3 3 52 111 41 600 4.88 565 
156-3-3 (B104x95:2-3)-3-3 3 53 7 44 720 5.45 548 
168-3-3 (B104x95:2-3)-3-3 3 54 71 39 380 3.25 520 
169-3-3 (B104x95:2-3)-3-3 3 55 5 47 440 3.12 528 
172-3-3 (B104x95:2-3)-3-3 3 56 130 40 560 4.67 574 
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Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
174-3-3 (B104x95:2-3)-3-3 3 57 158 45 960 7.11 592 
175-3-3 (B104x95:2-3)-3-3 3 58 101 47 540 3.83 565 
179-3-3 (B104x95:2-3)-3-3 3 59 43 38 980 8.60 574 
185-3-3 (B104x95:2-3)-3-3 3 60 48 41 560 4.55 528 
188-3-3 (B104x95:2-3)-3-3 3 61 123 45 620 4.59 548 
190-3-3 (B104x95:2-3)-3-3 3 62 136 34 240 2.35 506 
195-3-3 (B104x95:2-3)-3-3 3 63 79 47 1020 7.23 548 
196-3-3 (B104x95:2-3)-3-3 3 64 190 36 380 3.52 538 
197-3-3 (B104x95:2-3)-3-3 3 65 13 39 500 4.27 565 
198-3-3 (B104x95:2-3)-3-3 3 66 50 43 760 5.89 520 
201-3-3 (B104x95:2-3)-3-3 3 67 87 40 660 5.50 538 
202-3-3 (B104x95:2-3)-3-3 3 68 144 53 800 5.03 565 
203-3-3 (B104x95:2-3)-3-3 3 69 172 48 540 3.75 538 
208-3-3 (B104x95:2-3)-3-3 3 70 51 51 820 5.36 538 
209-3-3 (B104x95:2-3)-3-3 3 71 149 36 300 2.78 565 
212-3-3 (B104x95:2-3)-3-3 3 72 83 40 620 5.17 528 
214-3-3 (B104x95:2-3)-3-3 3 73 89 44 620 4.70 548 
219-3-3 (B104x95:2-3)-3-3 3 74 93 51 840 5.49 548 
220-3-3 (B104x95:2-3)-3-3 3 75 166 34 400 3.92 565 
221-3-3 (B104x95:2-3)-3-3 3 76 84 44 700 5.30 548 
222-3-3 (B104x95:2-3)-3-3 3 77 53 39 580 4.96 538 
223-3-3 (B104x95:2-3)-3-3 3 78 95 42 660 5.24 538 
225-3-3 (B104x95:2-3)-3-3 3 79 14 45 880 6.52 565 
227-3-3 (B104x95:2-3)-3-3 3 80 119 38 420 3.68 565 
234-3-3 (B104x95:2-3)-3-3 3 81 163 53 720 4.53 538 
236-3-3 (B104x95:2-3)-3-3 3 82 60 42 360 2.86 548 
237-3-3 (B104x95:2-3)-3-3 3 83 133 41 360 2.93 528 
240-3-3 (B104x95:2-3)-3-3 3 84 112 41 440 3.58 528 
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Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
241-3-3 (B104x95:2-3)-3-3 3 85 8 38 340 2.98 520 
245-3-3 (B104x95:2-3)-3-3 3 86 100 47 500 3.55 548 
249-3-3 (B104x95:2-3)-3-3 3 87 108 40 540 4.50 548 
250-3-3 (B104x95:2-3)-3-3 3 88 132 48 840 5.83 565 
251-3-3 (B104x95:2-3)-3-3 3 89 159 39 540 4.62 565 
257-3-3 (B104x95:2-3)-3-3 3 90 131 58 1140 6.55 565 
263-3-3 (B104x95:2-3)-3-3 3 91 170 40 580 4.83 528 
264-3-3 (B104x95:2-3)-3-3 3 92 150 43 640 4.96 548 
279-3-4 (B104x95:2-3)-3-4 3 93 147 44 560 4.24 520 
280-3-4 (B104x95:2-3)-3-4 3 94 143 40 760 6.33 574 
281-3-4 (B104x95:2-3)-3-4 3 95 137 45 1160 8.59 538 
284-3-4 (B104x95:2-3)-3-4 3 96 191 44 880 6.67 538 
285-3-4 (B104x95:2-3)-3-4 3 97 85 42 540 4.29 565 
287-3-4 (B104x95:2-3)-3-4 3 98 196 45 500 3.70 565 
297-3-4 (B104x95:2-3)-3-4 3 99 38 41 620 5.04 528 
298-3-4 (B104x95:2-3)-3-4 3 100 68 60 640 3.56 565 
302-3-4 (B104x95:2-3)-3-4 3 101 27 50 880 5.87 512 
303-3-4 (B104x95:2-3)-3-4 3 102 193 53 860 5.41 548 
304-3-4 (B104x95:2-3)-3-4 3 103 99 43 780 6.05 565 
309-3-4 (B104x95:2-3)-3-4 3 104 20 47 680 4.82 565 
313-3-4 (B104x95:2-3)-3-4 3 105 194 41 700 5.69 538 
315-3-4 (B104x95:2-3)-3-4 3 106 97 43 460 3.57 565 
316-3-4 (B104x95:2-3)-3-4 3 107 3 38 580 5.09 538 
317-3-4 (B104x95:2-3)-3-4 3 108 151 40 460 3.83 538 
320-3-4 (B104x95:2-3)-3-4 3 109 31 32 220 2.29 520 
327-3-4 (B104x95:2-3)-3-4 3 110 105 47 540 3.83 538 
328-3-4 (B104x95:2-3)-3-4 3 111 192 41 680 5.53 538 
330-3-4 (B104x95:2-3)-3-4 3 112 179 43 800 6.20 528 
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Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
331-3-4 (B104x95:2-3)-3-4 3 113 195 53 860 5.41 548 
335-3-4 (B104x95:2-3)-3-4 3 114 35 46 1020 7.39 565 
336-3-4 (B104x95:2-3)-3-4 3 115 155 57 900 5.26 565 
337-3-4 (B104x95:2-3)-3-4 3 116 6 50 740 4.93 538 
338-3-4 (B104x95:2-3)-3-4 3 117 36 39 580 4.96 538 
340-3-4 (B104x95:2-3)-3-4 3 118 102 45 760 5.63 538 
341-3-4 (B104x95:2-3)-3-4 3 119 30 39 380 3.25 520 
344-3-4 (B104x95:2-3)-3-4 3 120 19 47 1180 8.37 548 
347-3-4 (B104x95:2-3)-3-4 3 121 127 41 680 5.53 565 
350-3-4 (B104x95:2-3)-3-4 3 122 128 39 280 2.39 565 
351-3-4 (B104x95:2-3)-3-4 3 123 40 38 380 3.33 538 
356-3-4 (B104x95:2-3)-3-4 3 124 188 46 1000 7.25 565 
357-3-4 (B104x95:2-3)-3-4 3 125 34 40 660 5.50 565 
360-3-4 (B104x95:2-3)-3-4 3 126 67 45 620 4.59 583 
368-3-4 (B104x95:2-3)-3-4 3 127 28 49 760 5.17 565 
370-3-4 (B104x95:2-3)-3-4 3 128 152 49 680 4.63 565 
371-3-4 (B104x95:2-3)-3-4 3 129 180 52 760 4.87 574 
372-3-4 (B104x95:2-3)-3-4 3 130 33 47 860 6.10 565 
374-3-4 (B104x95:2-3)-3-4 3 131 109 38 340 2.98 528 
375-3-4 (B104x95:2-3)-3-4 3 132 88 44 780 5.91 565 
376-3-4 (B104x95:2-3)-3-4 3 133 58 45 780 5.78 565 
380-3-4 (B104x95:2-3)-3-4 3 134 90 37 520 4.68 574 
381-3-4 (B104x95:2-3)-3-4 3 135 125 47 620 4.40 548 
382-3-4 (B104x95:2-3)-3-4 3 136 156 40 640 5.33 520 
385-3-4 (B104x95:2-3)-3-4 3 137 56 43 460 3.57 520 
387-3-4 (B104x95:2-3)-3-4 3 138 189 41 460 3.74 548 
392-3-4 (B104x95:2-3)-3-4 3 139 121 44 840 6.36 592 
396-3-4 (B104x95:2-3)-3-4 3 140 181 48 980 6.81 565 
 100 
Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
399-3-4 (B104x95:2-3)-3-4 3 141 168 40 420 3.50 565 
400-3-4 (B104x95:2-3)-3-4 3 142 72 42 640 5.08 538 
414-3-5 (B104x95:2-3)-3-5 3 143 63 38 360 3.16 538 
416-3-5 (B104x95:2-3)-3-5 3 144 174 45 760 5.63 592 
417-3-5 (B104x95:2-3)-3-5 3 145 185 49 840 5.71 565 
418-3-5 (B104x95:2-3)-3-5 3 146 69 37 520 4.68 520 
431-3-5 (B104x95:2-3)-3-5 3 147 44 32 300 3.13 528 
432-3-5 (B104x95:2-3)-3-5 3 148 177 49 600 4.08 538 
435-3-5 (B104x95:2-3)-3-5 3 149 59 37 260 2.34 538 
438-3-5 (B104x95:2-3)-3-5 3 150 126 37 320 2.88 565 
439-3-5 (B104x95:2-3)-3-5 3 151 107 41 580 4.72 548 
443-3-5 (B104x95:2-3)-3-5 3 152 29 39 800 6.84 498 
447-3-5 (B104x95:2-3)-3-5 3 153 165 50 660 4.40 548 
450-3-5 (B104x95:2-3)-3-5 3 154 75 49 1080 7.35 565 
453-3-5 (B104x95:2-3)-3-5 3 155 1 48 720 5.00 565 
457-3-5 (B104x95:2-3)-3-5 3 156 110 46 940 6.81 520 
458-3-5 (B104x95:2-3)-3-5 3 157 175 42 840 6.67 538 
461-3-5 (B104x95:2-3)-3-5 3 158 162 64 380 1.98 583 
462-3-5 (B104x95:2-3)-3-5 3 159 124 44 580 4.39 548 
463-3-5 (B104x95:2-3)-3-5 3 160 47 45 720 5.33 538 
465-3-5 (B104x95:2-3)-3-5 3 161 161 51 960 6.27 538 
466-3-5 (B104x95:2-3)-3-5 3 162 10 40 700 5.83 548 
467-3-5 (B104x95:2-3)-3-5 3 163 49 43 740 5.74 538 
469-3-5 (B104x95:2-3)-3-5 3 164 164 50 840 5.60 565 
475-3-5 (B104x95:2-3)-3-5 3 165 146 38 340 2.98 512 
477-3-5 (B104x95:2-3)-3-5 3 166 22 34 640 6.27 528 
478-3-5 (B104x95:2-3)-3-5 3 167 157 41 540 4.39 565 
479-3-5 (B104x95:2-3)-3-5 3 168 81 50 980 6.53 548 
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Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
481-3-5 (B104x95:2-3)-3-5 3 169 182 36 560 5.19 548 
485-3-5 (B104x95:2-3)-3-5 3 170 37 48 700 4.86 538 
486-3-5 (B104x95:2-3)-3-5 3 171 41 39 380 3.25 520 
487-3-5 (B104x95:2-3)-3-5 3 172 94 44 840 6.36 520 
488-3-5 (B104x95:2-3)-3-5 3 173 117 33 400 4.04 565 
490-3-5 (B104x95:2-3)-3-5 3 174 46 40 940 7.83 565 
496-3-5 (B104x95:2-3)-3-5 3 175 113 46 960 6.96 538 
499-3-5 (B104x95:2-3)-3-5 3 176 160 37 360 3.24 528 
500-3-5 (B104x95:2-3)-3-5 3 177 21 46 1000 7.25 538 
507-3-5 (B104x95:2-3)-3-5 3 178 64 41 600 4.88 520 
508-3-5 (B104x95:2-3)-3-5 3 179 82 47 620 4.40 565 
509-3-5 (B104x95:2-3)-3-5 3 180 17 35 240 2.29 512 
510-3-5 (B104x95:2-3)-3-5 3 181 76 46 640 4.64 565 
511-3-5 (B104x95:2-3)-3-5 3 182 134 44 480 3.64 565 
512-3-5 (B104x95:2-3)-3-5 3 183 11 37 360 3.24 506 
519-3-5 (B104x95:2-3)-3-5 3 184 25 36 460 4.26 565 
521-3-5 (B104x95:2-3)-3-5 3 185 103 40 460 3.83 565 
523-3-5 (B104x95:2-3)-3-5 3 186 91 46 960 6.96 548 
524-3-5 (B104x95:2-3)-3-5 3 187 138 55 880 5.33 583 
529-3-5 (B104x95:2-3)-3-5 3 188 141 45 840 6.22 601 
531-3-5 (B104x95:2-3)-3-5 3 189 32 48 460 3.19 565 
 B104 3 190 12 36 120 1.11 574 
 B104 3 191 135 34 180 1.76 565 
 95-2 3 192 129 67 1320 6.57 548 
 95-2 3 193 122 78 1200 5.13 565 
 (B104x95:2-3) 3 194 61 36 320 2.96 512 
 (B104x95:2-3) 3 195 171 36 420 3.89 512 
 (B104x95:2-3) 3 196 70 35 340 3.24 512 
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Table 3. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
Mean     43 633 4.86 547 
Minimum     32 220 1.88 498 
Maximum     64 1280 8.60 601 
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Table 4. Phenotypic variables of a F3 generation of B104 x 95:2 maize 
population evaluated in AAERC, 2004 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
6-3-1 (B104x95:2-3)-3-1 1 1 41 38 500 4.39 495 
13-3-1 (B104x95:2-3)-3-1 1 2 22 46 1260 9.13 529 
14-3-1 (B104x95:2-3)-3-1 1 3 185 37 460 4.14 521 
15-3-1 (B104x95:2-3)-3-1 1 4 122 39 300 2.56 507 
20-3-1 (B104x95:2-3)-3-1 1 5 82 36 480 4.44 495 
24-3-1 (B104x95:2-3)-3-1 1 6 10 34 820 8.04 501 
27-3-1 (B104x95:2-3)-3-1 1 7 102 30 220 2.44 501 
37-3-1 (B104x95:2-3)-3-1 1 8 187 43 1240 9.61 521 
38-3-1 (B104x95:2-3)-3-1 1 9 110 34 600 5.88 501 
41-3-1 (B104x95:2-3)-3-1 1 10 34 34 420 4.12 514 
45-3-1 (B104x95:2-3)-3-1 1 11 90 31 400 4.30 495 
51-3-1 (B104x95:2-3)-3-1 1 12 3 43 560 4.34 514 
53-3-1 (B104x95:2-3)-3-1 1 13 15 29 220 2.53 501 
59-3-1 (B104x95:2-3)-3-1 1 14 72 37 460 4.14 514 
60-3-1 (B104x95:2-3)-3-1 1 15 54 38 700 6.14 501 
63-3-1 (B104x95:2-3)-3-1 1 16 17 31 400 4.30 501 
64-3-1 (B104x95:2-3)-3-1 1 17 124 37 1060 9.55 501 
69-3-1 (B104x95:2-3)-3-1 1 18 151 45 740 5.48 501 
72-3-1 (B104x95:2-3)-3-1 1 19 94 39 660 5.64 501 
73-3-1 (B104x95:2-3)-3-1 1 20 169 31 320 3.44 507 
74-3-1 (B104x95:2-3)-3-1 1 21 109 35 440 4.19 537 
82-3-1 (B104x95:2-3)-3-1 1 22 24 32 340 3.54 501 
83-3-1 (B104x95:2-3)-3-1 1 23 191 41 760 6.18 501 
85-3-1 (B104x95:2-3)-3-1 1 24 73 35 420 4.00 521 
86-3-1 (B104x95:2-3)-3-1 1 25 47 34 600 5.88 545 
89-3-1 (B104x95:2-3)-3-1 1 26 159 31 340 3.66 507 
92-3-1 (B104x95:2-3)-3-1 1 27 118 35 560 5.33 514 
93-3-1 (B104x95:2-3)-3-1 1 28 46 38 760 6.67 501 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
94-3-1 (B104x95:2-3)-3-1 1 29 39 43 880 6.82 501 
95-3-1 (B104x95:2-3)-3-1 1 30 193 37 460 4.14 501 
97-3-1 (B104x95:2-3)-3-1 1 31 188 39 680 5.81 501 
98-3-1 (B104x95:2-3)-3-1 1 32 93 29 560 6.44 514 
103-3-1 (B104x95:2-3)-3-1 1 33 32 34 540 5.29 501 
104-3-1 (B104x95:2-3)-3-1 1 34 101 37 740 6.67 501 
106-3-1 (B104x95:2-3)-3-1 1 35 114 39 600 5.13 501 
107-3-1 (B104x95:2-3)-3-1 1 36 58 36 500 4.63 514 
110-3-1 (B104x95:2-3)-3-1 1 37 171 41 460 3.74 501 
113-3-1 (B104x95:2-3)-3-1 1 38 176 34 620 6.08 495 
115-3-1 (B104x95:2-3)-3-1 1 39 141 36 620 5.74 529 
116-3-1 (B104x95:2-3)-3-1 1 40 80 42 740 5.87 495 
117-3-1 (B104x95:2-3)-3-1 1 41 139 38 620 5.44 501 
119-3-1 (B104x95:2-3)-3-1 1 42 36 37 600 5.41 521 
120-3-1 (B104x95:2-3)-3-1 1 43 26 36 440 4.07 495 
121-3-1 (B104x95:2-3)-3-1 1 44 21 41 600 4.88 495 
136-3-3 (B104x95:2-3)-3-3 1 45 117 33 600 6.06 501 
137-3-3 (B104x95:2-3)-3-3 1 46 167 37 340 3.06 495 
139-3-3 (B104x95:2-3)-3-3 1 47 164 35 240 2.29 501 
140-3-3 (B104x95:2-3)-3-3 1 48 112 32 580 6.04 507 
141-3-3 (B104x95:2-3)-3-3 1 49 195 32 360 3.75 507 
144-3-3 (B104x95:2-3)-3-3 1 50 69 41 600 4.88 495 
149-3-3 (B104x95:2-3)-3-3 1 51 96 30 260 2.89 501 
154-3-3 (B104x95:2-3)-3-3 1 52 92 35 520 4.95 495 
156-3-3 (B104x95:2-3)-3-3 1 53 144 39 860 7.35 507 
168-3-3 (B104x95:2-3)-3-3 1 54 154 42 760 6.03 495 
169-3-3 (B104x95:2-3)-3-3 1 55 177 43 480 3.72 501 
172-3-3 (B104x95:2-3)-3-3 1 56 65 36 440 4.07 514 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
174-3-3 (B104x95:2-3)-3-3 1 57 1 40 780 6.50 537 
175-3-3 (B104x95:2-3)-3-3 1 58 52 35 560 5.33 501 
179-3-3 (B104x95:2-3)-3-3 1 59 116 34 760 7.45 501 
185-3-3 (B104x95:2-3)-3-3 1 60 86 35 500 4.76 507 
188-3-3 (B104x95:2-3)-3-3 1 61 23 36 440 4.07 501 
190-3-3 (B104x95:2-3)-3-3 1 62 74 35 480 4.57 495 
195-3-3 (B104x95:2-3)-3-3 1 63 48 36 680 6.30 507 
196-3-3 (B104x95:2-3)-3-3 1 64 56 31 440 4.73 501 
197-3-3 (B104x95:2-3)-3-3 1 65 174 30 380 4.22 507 
198-3-3 (B104x95:2-3)-3-3 1 66 85 38 640 5.61 501 
201-3-3 (B104x95:2-3)-3-3 1 67 111 32 580 6.04 501 
202-3-3 (B104x95:2-3)-3-3 1 68 178 49 540 3.67 501 
203-3-3 (B104x95:2-3)-3-3 1 69 4 35 680 6.48 507 
208-3-3 (B104x95:2-3)-3-3 1 70 100 51 840 5.49 514 
209-3-3 (B104x95:2-3)-3-3 1 71 168 36 280 2.59 529 
212-3-3 (B104x95:2-3)-3-3 1 72 115 35 400 3.81 495 
214-3-3 (B104x95:2-3)-3-3 1 73 163 40 800 6.67 501 
219-3-3 (B104x95:2-3)-3-3 1 74 8 33 600 6.06 501 
220-3-3 (B104x95:2-3)-3-3 1 75 97 33 320 3.23 501 
221-3-3 (B104x95:2-3)-3-3 1 76 172 36 580 5.37 501 
222-3-3 (B104x95:2-3)-3-3 1 77 132 35 620 5.90 501 
223-3-3 (B104x95:2-3)-3-3 1 78 50 35 520 4.95 501 
225-3-3 (B104x95:2-3)-3-3 1 79 196 37 800 7.21 521 
227-3-3 (B104x95:2-3)-3-3 1 80 9 33 520 5.25 529 
234-3-3 (B104x95:2-3)-3-3 1 81 140 42 580 4.60 501 
236-3-3 (B104x95:2-3)-3-3 1 82 66 33 400 4.04 501 
237-3-3 (B104x95:2-3)-3-3 1 83 150 39 360 3.08 501 
240-3-3 (B104x95:2-3)-3-3 1 84 125 34 480 4.71 501 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
241-3-3 (B104x95:2-3)-3-3 1 85 113 35 460 4.38 495 
245-3-3 (B104x95:2-3)-3-3 1 86 37 40 440 3.67 501 
249-3-3 (B104x95:2-3)-3-3 1 87 149 34 480 4.71 501 
250-3-3 (B104x95:2-3)-3-3 1 88 2 44 920 6.97 501 
251-3-3 (B104x95:2-3)-3-3 1 89 175 35 440 4.19 507 
257-3-3 (B104x95:2-3)-3-3 1 90 184 43 960 7.44 514 
263-3-3 (B104x95:2-3)-3-3 1 91 67 34 460 4.51 501 
264-3-3 (B104x95:2-3)-3-3 1 92 123 37 720 6.49 501 
279-3-4 (B104x95:2-3)-3-4 1 93 103 35 460 4.38 501 
280-3-4 (B104x95:2-3)-3-4 1 94 49 32 800 8.33 501 
281-3-4 (B104x95:2-3)-3-4 1 95 81 40 1260 10.50 495 
284-3-4 (B104x95:2-3)-3-4 1 96 129 35 560 5.33 501 
285-3-4 (B104x95:2-3)-3-4 1 97 143 37 460 4.14 514 
287-3-4 (B104x95:2-3)-3-4 1 98 30 38 340 2.98 514 
297-3-4 (B104x95:2-3)-3-4 1 99 88 36 800 7.41 495 
298-3-4 (B104x95:2-3)-3-4 1 100 119 48 600 4.17 501 
302-3-4 (B104x95:2-3)-3-4 1 101 6 49 940 6.39 501 
303-3-4 (B104x95:2-3)-3-4 1 102 173 42 660 5.24 529 
304-3-4 (B104x95:2-3)-3-4 1 103 135 38 480 4.21 537 
309-3-4 (B104x95:2-3)-3-4 1 104 98 33 520 5.25 514 
313-3-4 (B104x95:2-3)-3-4 1 105 160 33 640 6.46 514 
315-3-4 (B104x95:2-3)-3-4 1 106 190 40 420 3.50 514 
316-3-4 (B104x95:2-3)-3-4 1 107 138 35 640 6.10 501 
317-3-4 (B104x95:2-3)-3-4 1 108 95 37 380 3.42 501 
320-3-4 (B104x95:2-3)-3-4 1 109 61 31 260 2.80 501 
327-3-4 (B104x95:2-3)-3-4 1 110 107 38 540 4.74 501 
328-3-4 (B104x95:2-3)-3-4 1 111 170 35 580 5.52 501 
330-3-4 (B104x95:2-3)-3-4 1 112 121 34 600 5.88 501 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
331-3-4 (B104x95:2-3)-3-4 1 113 165 49 860 5.85 501 
335-3-4 (B104x95:2-3)-3-4 1 114 77 36 820 7.59 521 
336-3-4 (B104x95:2-3)-3-4 1 115 148 46 860 6.23 501 
337-3-4 (B104x95:2-3)-3-4 1 116 147 43 620 4.81 501 
338-3-4 (B104x95:2-3)-3-4 1 117 16 38 640 5.61 501 
340-3-4 (B104x95:2-3)-3-4 1 118 194 37 840 7.57 495 
341-3-4 (B104x95:2-3)-3-4 1 119 38 37 460 4.14 501 
344-3-4 (B104x95:2-3)-3-4 1 120 145 41 1240 10.08 514 
347-3-4 (B104x95:2-3)-3-4 1 121 60 35 580 5.52 545 
350-3-4 (B104x95:2-3)-3-4 1 122 55 32 260 2.71 514 
351-3-4 (B104x95:2-3)-3-4 1 123 83 31 480 5.16 495 
356-3-4 (B104x95:2-3)-3-4 1 124 25 42 940 7.46 537 
357-3-4 (B104x95:2-3)-3-4 1 125 75 36 760 7.04 521 
360-3-4 (B104x95:2-3)-3-4 1 126 156 39 440 3.76 545 
368-3-4 (B104x95:2-3)-3-4 1 127 64 40 1020 8.50 507 
370-3-4 (B104x95:2-3)-3-4 1 128 45 36 620 5.74 514 
371-3-4 (B104x95:2-3)-3-4 1 129 84 42 620 4.92 521 
372-3-4 (B104x95:2-3)-3-4 1 130 13 44 660 5.00 529 
374-3-4 (B104x95:2-3)-3-4 1 131 120 34 540 5.29 514 
375-3-4 (B104x95:2-3)-3-4 1 132 130 36 640 5.93 501 
376-3-4 (B104x95:2-3)-3-4 1 133 152 38 720 6.32 514 
380-3-4 (B104x95:2-3)-3-4 1 134 35 34 360 3.53 537 
381-3-4 (B104x95:2-3)-3-4 1 135 29 39 760 6.50 501 
382-3-4 (B104x95:2-3)-3-4 1 136 182 33 580 5.86 514 
385-3-4 (B104x95:2-3)-3-4 1 137 19 36 360 3.33 495 
387-3-4 (B104x95:2-3)-3-4 1 138 181 34 460 4.51 514 
392-3-4 (B104x95:2-3)-3-4 1 139 166 38 860 7.54 537 
396-3-4 (B104x95:2-3)-3-4 1 140 155 42 700 5.56 529 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
399-3-4 (B104x95:2-3)-3-4 1 141 57 34 360 3.53 501 
400-3-4 (B104x95:2-3)-3-4 1 142 108 30 700 7.78 501 
414-3-5 (B104x95:2-3)-3-5 1 143 91 36 500 4.63 495 
416-3-5 (B104x95:2-3)-3-5 1 144 189 39 660 5.64 537 
417-3-5 (B104x95:2-3)-3-5 1 145 20 41 980 7.97 529 
418-3-5 (B104x95:2-3)-3-5 1 146 68 30 380 4.22 501 
431-3-5 (B104x95:2-3)-3-5 1 147 131 31 660 7.10 501 
432-3-5 (B104x95:2-3)-3-5 1 148 12 41 320 2.60 529 
435-3-5 (B104x95:2-3)-3-5 1 149 42 36 240 2.22 501 
438-3-5 (B104x95:2-3)-3-5 1 150 28 44 260 1.97 521 
439-3-5 (B104x95:2-3)-3-5 1 151 27 39 700 5.98 495 
443-3-5 (B104x95:2-3)-3-5 1 152 134 34 760 7.45 501 
447-3-5 (B104x95:2-3)-3-5 1 153 158 42 700 5.56 501 
450-3-5 (B104x95:2-3)-3-5 1 154 104 40 720 6.00 501 
453-3-5 (B104x95:2-3)-3-5 1 155 153 40 540 4.50 521 
457-3-5 (B104x95:2-3)-3-5 1 156 14 40 940 7.83 514 
458-3-5 (B104x95:2-3)-3-5 1 157 44 35 760 7.24 501 
461-3-5 (B104x95:2-3)-3-5 1 158 106 39 380 3.25 537 
462-3-5 (B104x95:2-3)-3-5 1 159 63 37 700 6.31 501 
463-3-5 (B104x95:2-3)-3-5 1 160 31 37 800 7.21 501 
465-3-5 (B104x95:2-3)-3-5 1 161 7 42 1160 9.21 501 
466-3-5 (B104x95:2-3)-3-5 1 162 179 39 720 6.15 501 
467-3-5 (B104x95:2-3)-3-5 1 163 186 38 660 5.79 514 
469-3-5 (B104x95:2-3)-3-5 1 164 79 46 880 6.38 529 
475-3-5 (B104x95:2-3)-3-5 1 165 70 38 380 3.33 495 
477-3-5 (B104x95:2-3)-3-5 1 166 126 36 540 5.00 495 
478-3-5 (B104x95:2-3)-3-5 1 167 146 36 700 6.48 514 
479-3-5 (B104x95:2-3)-3-5 1 168 62 37 840 7.57 514 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
481-3-5 (B104x95:2-3)-3-5 1 169 18 32 240 2.50 501 
485-3-5 (B104x95:2-3)-3-5 1 170 180 36 600 5.56 501 
486-3-5 (B104x95:2-3)-3-5 1 171 53 37 340 3.06 501 
487-3-5 (B104x95:2-3)-3-5 1 172 128 42 760 6.03 501 
488-3-5 (B104x95:2-3)-3-5 1 173 136 27 420 5.19 514 
490-3-5 (B104x95:2-3)-3-5 1 174 51 36 860 7.96 529 
496-3-5 (B104x95:2-3)-3-5 1 175 183 44 780 5.91 501 
499-3-5 (B104x95:2-3)-3-5 1 176 137 28 440 5.24 501 
500-3-5 (B104x95:2-3)-3-5 1 177 40 38 1080 9.47 501 
507-3-5 (B104x95:2-3)-3-5 1 178 142 39 820 7.01 501 
508-3-5 (B104x95:2-3)-3-5 1 179 89 37 340 3.06 521 
509-3-5 (B104x95:2-3)-3-5 1 180 5 40 380 3.17 501 
510-3-5 (B104x95:2-3)-3-5 1 181 127 42 620 4.92 501 
511-3-5 (B104x95:2-3)-3-5 1 182 43 32 460 4.79 529 
512-3-5 (B104x95:2-3)-3-5 1 183 162 36 600 5.56 495 
519-3-5 (B104x95:2-3)-3-5 1 184 99 40 380 3.17 529 
521-3-5 (B104x95:2-3)-3-5 1 185 157 37 580 5.23 514 
523-3-5 (B104x95:2-3)-3-5 1 186 161 36 1060 9.81 514 
524-3-5 (B104x95:2-3)-3-5 1 187 87 47 1060 7.52 501 
529-3-5 (B104x95:2-3)-3-5 1 188 33 38 800 7.02 529 
531-3-5 (B104x95:2-3)-3-5 1 189 192 31 280 3.01 514 
 B104 1 190 11 34 200 1.96 537 
 B104 1 191 59 29 180 2.07 537 
 95-2 1 192 105 60 1560 8.67 501 
 95-2 1 193 76 67 1480 7.36 495 
 (B104x95:2-3) 1 194 78 33 460 4.65 495 
 (B104x95:2-3) 1 195 133 32 460 4.79 495 
 (B104x95:2-3) 1 196 71 33 460 4.65 495 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
6-3-1 (B104x95:2-3)-3-1 2 1 94 38 500 4.39 495 
13-3-1 (B104x95:2-3)-3-1 2 2 146 44 1260 9.55 529 
14-3-1 (B104x95:2-3)-3-1 2 3 192 35 540 5.14 514 
15-3-1 (B104x95:2-3)-3-1 2 4 18 41 380 3.09 501 
20-3-1 (B104x95:2-3)-3-1 2 5 67 36 380 3.52 501 
24-3-1 (B104x95:2-3)-3-1 2 6 43 34 900 8.82 501 
27-3-1 (B104x95:2-3)-3-1 2 7 46 28 260 3.10 507 
37-3-1 (B104x95:2-3)-3-1 2 8 167 41 820 6.67 501 
38-3-1 (B104x95:2-3)-3-1 2 9 182 33 400 4.04 514 
41-3-1 (B104x95:2-3)-3-1 2 10 25 36 600 5.56 514 
45-3-1 (B104x95:2-3)-3-1 2 11 17 34 400 3.92 501 
51-3-1 (B104x95:2-3)-3-1 2 12 11 39 740 6.32 529 
53-3-1 (B104x95:2-3)-3-1 2 13 59 32 260 2.71 495 
59-3-1 (B104x95:2-3)-3-1 2 14 53 37 460 4.14 529 
60-3-1 (B104x95:2-3)-3-1 2 15 162 32 520 5.42 507 
63-3-1 (B104x95:2-3)-3-1 2 16 172 31 400 4.30 495 
64-3-1 (B104x95:2-3)-3-1 2 17 166 40 1340 11.17 521 
69-3-1 (B104x95:2-3)-3-1 2 18 125 30 300 3.33 501 
72-3-1 (B104x95:2-3)-3-1 2 19 23 37 780 7.03 507 
73-3-1 (B104x95:2-3)-3-1 2 20 193 27 300 3.70 521 
74-3-1 (B104x95:2-3)-3-1 2 21 140 36 500 4.63 514 
82-3-1 (B104x95:2-3)-3-1 2 22 147 34 280 2.75 501 
83-3-1 (B104x95:2-3)-3-1 2 23 187 36 680 6.30 501 
85-3-1 (B104x95:2-3)-3-1 2 24 5 34 500 4.90 507 
86-3-1 (B104x95:2-3)-3-1 2 25 63 35 340 3.24 529 
89-3-1 (B104x95:2-3)-3-1 2 26 180 34 420 4.12 514 
92-3-1 (B104x95:2-3)-3-1 2 27 31 34 680 6.67 507 
93-3-1 (B104x95:2-3)-3-1 2 28 138 38 880 7.72 501 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
94-3-1 (B104x95:2-3)-3-1 2 29 120 47 820 5.82 495 
95-3-1 (B104x95:2-3)-3-1 2 30 134 34 400 3.92 501 
97-3-1 (B104x95:2-3)-3-1 2 31 57 40 860 7.17 501 
98-3-1 (B104x95:2-3)-3-1 2 32 170 31 600 6.45 521 
103-3-1 (B104x95:2-3)-3-1 2 33 152 40 700 5.83 514 
104-3-1 (B104x95:2-3)-3-1 2 34 174 38 800 7.02 501 
106-3-1 (B104x95:2-3)-3-1 2 35 32 45 380 2.81 507 
107-3-1 (B104x95:2-3)-3-1 2 36 82 39 560 4.79 529 
110-3-1 (B104x95:2-3)-3-1 2 37 83 39 600 5.13 501 
113-3-1 (B104x95:2-3)-3-1 2 38 79 35 540 5.14 501 
115-3-1 (B104x95:2-3)-3-1 2 39 34 35 680 6.48 514 
116-3-1 (B104x95:2-3)-3-1 2 40 176 42 860 6.83 514 
117-3-1 (B104x95:2-3)-3-1 2 41 173 34 560 5.49 507 
119-3-1 (B104x95:2-3)-3-1 2 42 80 37 660 5.95 521 
120-3-1 (B104x95:2-3)-3-1 2 43 133 39 400 3.42 501 
121-3-1 (B104x95:2-3)-3-1 2 44 177 39 520 4.44 507 
136-3-3 (B104x95:2-3)-3-3 2 45 65 37 620 5.59 501 
137-3-3 (B104x95:2-3)-3-3 2 46 1 39 400 3.42 501 
139-3-3 (B104x95:2-3)-3-3 2 47 61 34 260 2.55 501 
140-3-3 (B104x95:2-3)-3-3 2 48 112 32 400 4.17 514 
141-3-3 (B104x95:2-3)-3-3 2 49 77 34 460 4.51 501 
144-3-3 (B104x95:2-3)-3-3 2 50 96 39 820 7.01 501 
149-3-3 (B104x95:2-3)-3-3 2 51 35 34 240 2.35 514 
154-3-3 (B104x95:2-3)-3-3 2 52 19 39 600 5.13 501 
156-3-3 (B104x95:2-3)-3-3 2 53 70 41 640 5.20 507 
168-3-3 (B104x95:2-3)-3-3 2 54 153 35 540 5.14 495 
169-3-3 (B104x95:2-3)-3-3 2 55 171 46 580 4.20 501 
172-3-3 (B104x95:2-3)-3-3 2 56 144 36 640 5.93 521 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
174-3-3 (B104x95:2-3)-3-3 2 57 139 38 820 7.19 545 
175-3-3 (B104x95:2-3)-3-3 2 58 127 36 720 6.67 521 
179-3-3 (B104x95:2-3)-3-3 2 59 103 37 780 7.03 507 
185-3-3 (B104x95:2-3)-3-3 2 60 97 37 440 3.96 507 
188-3-3 (B104x95:2-3)-3-3 2 61 48 42 740 5.87 501 
190-3-3 (B104x95:2-3)-3-3 2 62 114 36 460 4.26 507 
195-3-3 (B104x95:2-3)-3-3 2 63 131 39 560 4.79 514 
196-3-3 (B104x95:2-3)-3-3 2 64 104 34 560 5.49 501 
197-3-3 (B104x95:2-3)-3-3 2 65 119 32 400 4.17 521 
198-3-3 (B104x95:2-3)-3-3 2 66 135 40 880 7.33 501 
201-3-3 (B104x95:2-3)-3-3 2 67 45 34 560 5.49 507 
202-3-3 (B104x95:2-3)-3-3 2 68 13 44 500 3.79 507 
203-3-3 (B104x95:2-3)-3-3 2 69 60 35 400 3.81 501 
208-3-3 (B104x95:2-3)-3-3 2 70 113 45 860 6.37 521 
209-3-3 (B104x95:2-3)-3-3 2 71 137 39 240 2.05 514 
212-3-3 (B104x95:2-3)-3-3 2 72 101 38 580 5.09 501 
214-3-3 (B104x95:2-3)-3-3 2 73 29 40 1060 8.83 507 
219-3-3 (B104x95:2-3)-3-3 2 74 30 41 780 6.34 507 
220-3-3 (B104x95:2-3)-3-3 2 75 42 35 440 4.19 501 
221-3-3 (B104x95:2-3)-3-3 2 76 89 38 440 3.86 514 
222-3-3 (B104x95:2-3)-3-3 2 77 156 39 640 5.47 529 
223-3-3 (B104x95:2-3)-3-3 2 78 190 37 320 2.88 501 
225-3-3 (B104x95:2-3)-3-3 2 79 22 37 880 7.93 514 
227-3-3 (B104x95:2-3)-3-3 2 80 49 33 380 3.84 529 
234-3-3 (B104x95:2-3)-3-3 2 81 21 43 800 6.20 495 
236-3-3 (B104x95:2-3)-3-3 2 82 117 33 360 3.64 501 
237-3-3 (B104x95:2-3)-3-3 2 83 81 38 380 3.33 501 
240-3-3 (B104x95:2-3)-3-3 2 84 136 36 640 5.93 501 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
241-3-3 (B104x95:2-3)-3-3 2 85 179 36 340 3.15 501 
245-3-3 (B104x95:2-3)-3-3 2 86 189 37 560 5.05 514 
249-3-3 (B104x95:2-3)-3-3 2 87 129 30 440 4.89 514 
250-3-3 (B104x95:2-3)-3-3 2 88 55 39 820 7.01 514 
251-3-3 (B104x95:2-3)-3-3 2 89 40 39 460 3.93 529 
257-3-3 (B104x95:2-3)-3-3 2 90 15 46 1380 10.00 521 
263-3-3 (B104x95:2-3)-3-3 2 91 69 39 500 4.27 501 
264-3-3 (B104x95:2-3)-3-3 2 92 102 38 440 3.86 501 
279-3-4 (B104x95:2-3)-3-4 2 93 178 38 520 4.56 501 
280-3-4 (B104x95:2-3)-3-4 2 94 106 34 840 8.24 514 
281-3-4 (B104x95:2-3)-3-4 2 95 191 39 1040 8.89 514 
284-3-4 (B104x95:2-3)-3-4 2 96 105 37 580 5.23 501 
285-3-4 (B104x95:2-3)-3-4 2 97 36 33 520 5.25 521 
287-3-4 (B104x95:2-3)-3-4 2 98 41 35 560 5.33 514 
297-3-4 (B104x95:2-3)-3-4 2 99 47 34 760 7.45 501 
298-3-4 (B104x95:2-3)-3-4 2 100 159 47 600 4.26 537 
302-3-4 (B104x95:2-3)-3-4 2 101 50 52 1300 8.33 495 
303-3-4 (B104x95:2-3)-3-4 2 102 164 41 840 6.83 521 
304-3-4 (B104x95:2-3)-3-4 2 103 51 39 620 5.30 521 
309-3-4 (B104x95:2-3)-3-4 2 104 185 37 660 5.95 514 
313-3-4 (B104x95:2-3)-3-4 2 105 108 33 700 7.07 514 
315-3-4 (B104x95:2-3)-3-4 2 106 85 36 620 5.74 507 
316-3-4 (B104x95:2-3)-3-4 2 107 186 41 720 5.85 514 
317-3-4 (B104x95:2-3)-3-4 2 108 12 36 400 3.70 507 
320-3-4 (B104x95:2-3)-3-4 2 109 54 27 220 2.72 501 
327-3-4 (B104x95:2-3)-3-4 2 110 66 42 720 5.71 501 
328-3-4 (B104x95:2-3)-3-4 2 111 28 38 720 6.32 501 
330-3-4 (B104x95:2-3)-3-4 2 112 123 34 780 7.65 495 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
331-3-4 (B104x95:2-3)-3-4 2 113 160 47 680 4.82 507 
335-3-4 (B104x95:2-3)-3-4 2 114 52 42 840 6.67 529 
336-3-4 (B104x95:2-3)-3-4 2 115 145 46 660 4.78 514 
337-3-4 (B104x95:2-3)-3-4 2 116 116 43 480 3.72 501 
338-3-4 (B104x95:2-3)-3-4 2 117 99 35 380 3.62 507 
340-3-4 (B104x95:2-3)-3-4 2 118 118 41 540 4.39 521 
341-3-4 (B104x95:2-3)-3-4 2 119 2 38 380 3.33 495 
344-3-4 (B104x95:2-3)-3-4 2 120 4 41 1120 9.11 514 
347-3-4 (B104x95:2-3)-3-4 2 121 16 38 720 6.32 529 
350-3-4 (B104x95:2-3)-3-4 2 122 100 33 200 2.02 507 
351-3-4 (B104x95:2-3)-3-4 2 123 169 36 460 4.26 501 
356-3-4 (B104x95:2-3)-3-4 2 124 44 41 1000 8.13 529 
357-3-4 (B104x95:2-3)-3-4 2 125 73 33 460 4.65 521 
360-3-4 (B104x95:2-3)-3-4 2 126 132 40 440 3.67 545 
368-3-4 (B104x95:2-3)-3-4 2 127 107 41 1020 8.29 521 
370-3-4 (B104x95:2-3)-3-4 2 128 37 33 600 6.06 507 
371-3-4 (B104x95:2-3)-3-4 2 129 196 40 720 6.00 545 
372-3-4 (B104x95:2-3)-3-4 2 130 149 43 680 5.27 529 
374-3-4 (B104x95:2-3)-3-4 2 131 72 30 360 4.00 501 
375-3-4 (B104x95:2-3)-3-4 2 132 111 33 460 4.65 501 
376-3-4 (B104x95:2-3)-3-4 2 133 64 36 680 6.30 514 
380-3-4 (B104x95:2-3)-3-4 2 134 24 34 380 3.73 537 
381-3-4 (B104x95:2-3)-3-4 2 135 98 33 560 5.66 501 
382-3-4 (B104x95:2-3)-3-4 2 136 86 35 640 6.10 507 
385-3-4 (B104x95:2-3)-3-4 2 137 7 37 420 3.78 501 
387-3-4 (B104x95:2-3)-3-4 2 138 158 41 600 4.88 537 
392-3-4 (B104x95:2-3)-3-4 2 139 3 38 1180 10.35 545 
396-3-4 (B104x95:2-3)-3-4 2 140 122 38 780 6.84 537 
 115 
Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
399-3-4 (B104x95:2-3)-3-4 2 141 10 35 400 3.81 507 
400-3-4 (B104x95:2-3)-3-4 2 142 157 37 1020 9.19 514 
414-3-5 (B104x95:2-3)-3-5 2 143 75 36 400 3.70 495 
416-3-5 (B104x95:2-3)-3-5 2 144 14 41 920 7.48 545 
417-3-5 (B104x95:2-3)-3-5 2 145 194 42 1100 8.73 529 
418-3-5 (B104x95:2-3)-3-5 2 146 90 34 400 3.92 501 
431-3-5 (B104x95:2-3)-3-5 2 147 183 33 260 2.63 501 
432-3-5 (B104x95:2-3)-3-5 2 148 165 39 420 3.59 521 
435-3-5 (B104x95:2-3)-3-5 2 149 126 30 260 2.89 501 
438-3-5 (B104x95:2-3)-3-5 2 150 62 38 280 2.46 507 
439-3-5 (B104x95:2-3)-3-5 2 151 175 39 720 6.15 501 
443-3-5 (B104x95:2-3)-3-5 2 152 76 41 880 7.15 495 
447-3-5 (B104x95:2-3)-3-5 2 153 150 45 600 4.44 507 
450-3-5 (B104x95:2-3)-3-5 2 154 155 39 820 7.01 529 
453-3-5 (B104x95:2-3)-3-5 2 155 195 36 680 6.30 521 
457-3-5 (B104x95:2-3)-3-5 2 156 91 35 980 9.33 501 
458-3-5 (B104x95:2-3)-3-5 2 157 130 34 740 7.25 501 
461-3-5 (B104x95:2-3)-3-5 2 158 56 41 440 3.58 529 
462-3-5 (B104x95:2-3)-3-5 2 159 143 39 580 4.96 521 
463-3-5 (B104x95:2-3)-3-5 2 160 9 39 720 6.15 501 
465-3-5 (B104x95:2-3)-3-5 2 161 148 43 960 7.44 501 
466-3-5 (B104x95:2-3)-3-5 2 162 58 36 620 5.74 501 
467-3-5 (B104x95:2-3)-3-5 2 163 142 40 520 4.33 507 
469-3-5 (B104x95:2-3)-3-5 2 164 168 48 860 5.97 521 
475-3-5 (B104x95:2-3)-3-5 2 165 87 35 320 3.05 501 
477-3-5 (B104x95:2-3)-3-5 2 166 109 38 640 5.61 501 
478-3-5 (B104x95:2-3)-3-5 2 167 8 39 760 6.50 521 
479-3-5 (B104x95:2-3)-3-5 2 168 71 42 960 7.62 521 
 116 
Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
481-3-5 (B104x95:2-3)-3-5 2 169 26 32 220 2.29 514 
485-3-5 (B104x95:2-3)-3-5 2 170 95 38 780 6.84 507 
486-3-5 (B104x95:2-3)-3-5 2 171 27 36 320 2.96 501 
487-3-5 (B104x95:2-3)-3-5 2 172 93 41 1020 8.29 501 
488-3-5 (B104x95:2-3)-3-5 2 173 124 40 840 7.00 521 
490-3-5 (B104x95:2-3)-3-5 2 174 115 33 760 7.68 521 
496-3-5 (B104x95:2-3)-3-5 2 175 163 39 680 5.81 521 
499-3-5 (B104x95:2-3)-3-5 2 176 141 29 460 5.29 507 
500-3-5 (B104x95:2-3)-3-5 2 177 154 40 820 6.83 501 
507-3-5 (B104x95:2-3)-3-5 2 178 6 43 1040 8.06 501 
508-3-5 (B104x95:2-3)-3-5 2 179 78 43 500 3.88 507 
509-3-5 (B104x95:2-3)-3-5 2 180 181 38 280 2.46 501 
510-3-5 (B104x95:2-3)-3-5 2 181 128 38 700 6.14 514 
511-3-5 (B104x95:2-3)-3-5 2 182 84 34 540 5.29 514 
512-3-5 (B104x95:2-3)-3-5 2 183 74 37 680 6.13 495 
519-3-5 (B104x95:2-3)-3-5 2 184 188 30 440 4.89 521 
521-3-5 (B104x95:2-3)-3-5 2 185 110 37 740 6.67 521 
523-3-5 (B104x95:2-3)-3-5 2 186 161 35 840 8.00 529 
524-3-5 (B104x95:2-3)-3-5 2 187 151 44 960 7.27 529 
529-3-5 (B104x95:2-3)-3-5 2 188 33 40 1060 8.83 553 
531-3-5 (B104x95:2-3)-3-5 2 189 38 36 420 3.89 529 
 B104 2 190 184 30 160 1.78 521 
 B104 2 191 39 35 160 1.52 529 
 95-2 2 192 121 64 1560 8.13 521 
 95-2 2 193 20 68 1560 7.65 514 
 (B104x95:2-3) 2 194 68 33 360 3.64 501 
 (B104x95:2-3) 2 195 88 32 380 3.96 495 
 (B104x95:2-3) 2 196 92 33 380 3.84 495 
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Table 4. Continued 
F2     Number Popping Expansion Heat units 
Plant  Rep  Plot of kernels expansion per kernel to anthesis 
Code Pedigree No. Treatment No. in 10 g ml 30-1 g ml kernel-1 (GDD) 
Mean     37 610 5.40 510 
Minimum     27 200 1.97 495 
Maximum     52 1380 11.17 553 
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Table 5. Mean performance of number of kernels in 10 g of the F2 and F3 lines 
evaluated in AAERC and Curtiss Farm, 2002, 2003, and 2004. 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
6-3-1 (B104/95:2-3)-3-1 39 41 38 42 39 
13-3-1 (B104/95:2-3)-3-1 39 48 45 48 42 
14-3-1 (B104/95:2-3)-3-1 31 37 36 37 34 
15-3-1 (B104/95:2-3)-3-1 39 39 40 40 40 
20-3-1 (B104/95:2-3)-3-1 38 39 36 40 37 
24-3-1 (B104/95:2-3)-3-1 36 41 34 40 35 
27-3-1 (B104/95:2-3)-3-1 29 33 29 34 29 
37-3-1 (B104/95:2-3)-3-1 42 47 42 48 42 
38-3-1 (B104/95:2-3)-3-1 37 40 34 40 35 
41-3-1 (B104/95:2-3)-3-1 37 38 35 38 36 
45-3-1 (B104/95:2-3)-3-1 36 40 33 39 34 
51-3-1 (B104/95:2-3)-3-1 41 48 41 47 41 
53-3-1 (B104/95:2-3)-3-1 33 34 31 33 32 
59-3-1 (B104/95:2-3)-3-1 31 38 37 37 34 
60-3-1 (B104/95:2-3)-3-1 40 42 35 41 38 
63-3-1 (B104/95:2-3)-3-1 29 35 31 36 30 
64-3-1 (B104/95:2-3)-3-1 39 47 39 46 39 
69-3-1 (B104/95:2-3)-3-1 45 44 38 46 41 
72-3-1 (B104/95:2-3)-3-1 35 37 38 37 37 
73-3-1 (B104/95:2-3)-3-1 30 31 29 33 30 
74-3-1 (B104/95:2-3)-3-1 37 39 36 40 36 
82-3-1 (B104/95:2-3)-3-1 37 37 33 36 35 
83-3-1 (B104/95:2-3)-3-1 40 47 39 46 39 
85-3-1 (B104/95:2-3)-3-1 32 40 35 40 33 
86-3-1 (B104/95:2-3)-3-1 32 36 35 37 33 
89-3-1 (B104/95:2-3)-3-1 34 39 33 39 33 
92-3-1 (B104/95:2-3)-3-1 38 39 35 38 36 
 119 
Table 5. Continued 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
93-3-1 (B104/95:2-3)-3-1 35 40 38 39 37 
94-3-1 (B104/95:2-3)-3-1 48 48 45 49 47 
95-3-1 (B104/95:2-3)-3-1 33 38 36 37 34 
97-3-1 (B104/95:2-3)-3-1 42 45 40 44 41 
98-3-1 (B104/95:2-3)-3-1 36 35 30 35 33 
103-3-1 (B104/95:2-3)-3-1 36 44 37 45 37 
104-3-1 (B104/95:2-3)-3-1 36 42 38 42 37 
106-3-1 (B104/95:2-3)-3-1 47 44 42 42 45 
107-3-1 (B104/95:2-3)-3-1 32 38 38 37 35 
110-3-1 (B104/95:2-3)-3-1 48 49 40 51 44 
113-3-1 (B104/95:2-3)-3-1 35 40 35 41 35 
115-3-1 (B104/95:2-3)-3-1 36 40 36 41 36 
116-3-1 (B104/95:2-3)-3-1 39 44 42 44 41 
117-3-1 (B104/95:2-3)-3-1 39 41 36 42 38 
119-3-1 (B104/95:2-3)-3-1 38 44 37 44 38 
120-3-1 (B104/95:2-3)-3-1 36 44 38 45 37 
121-3-1 (B104/95:2-3)-3-1 36 47 40 47 38 
136-3-3 (B104/95:2-3)-3-3 38 46 35 48 37 
137-3-3 (B104/95:2-3)-3-3 33 34 38 36 36 
139-3-3 (B104/95:2-3)-3-3 34 38 35 38 34 
140-3-3 (B104/95:2-3)-3-3 35 36 32 36 34 
141-3-3 (B104/95:2-3)-3-3 41 35 33 37 37 
144-3-3 (B104/95:2-3)-3-3 42 44 40 42 41 
149-3-3 (B104/95:2-3)-3-3 32 34 32 35 32 
154-3-3 (B104/95:2-3)-3-3 40 42 37 41 39 
156-3-3 (B104/95:2-3)-3-3 37 49 40 47 39 
168-3-3 (B104/95:2-3)-3-3 35 41 39 40 37 
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Table 5. Continued 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
169-3-3 (B104/95:2-3)-3-3 47 51 45 49 46 
172-3-3 (B104/95:2-3)-3-3 38 39 36 39 37 
174-3-3 (B104/95:2-3)-3-3 36 43 39 43 38 
175-3-3 (B104/95:2-3)-3-3 41 45 36 45 38 
179-3-3 (B104/95:2-3)-3-3 41 40 36 39 38 
185-3-3 (B104/95:2-3)-3-3 34 41 36 41 35 
188-3-3 (B104/95:2-3)-3-3 37 44 39 44 38 
190-3-3 (B104/95:2-3)-3-3 43 42 36 39 39 
195-3-3 (B104/95:2-3)-3-3 44 45 38 45 41 
196-3-3 (B104/95:2-3)-3-3 32 37 33 36 32 
197-3-3 (B104/95:2-3)-3-3 31 37 31 37 31 
198-3-3 (B104/95:2-3)-3-3 43 47 39 45 41 
201-3-3 (B104/95:2-3)-3-3 36 40 33 40 35 
202-3-3 (B104/95:2-3)-3-3 42 50 47 51 44 
203-3-3 (B104/95:2-3)-3-3 31 37 35 41 33 
208-3-3 (B104/95:2-3)-3-3 42 52 48 52 45 
209-3-3 (B104/95:2-3)-3-3 29 34 38 35 33 
212-3-3 (B104/95:2-3)-3-3 38 42 37 41 37 
214-3-3 (B104/95:2-3)-3-3 40 42 40 43 40 
219-3-3 (B104/95:2-3)-3-3 36 43 37 46 37 
220-3-3 (B104/95:2-3)-3-3 32 37 34 36 33 
221-3-3 (B104/95:2-3)-3-3 35 46 37 45 36 
222-3-3 (B104/95:2-3)-3-3 32 39 37 39 35 
223-3-3 (B104/95:2-3)-3-3 39 41 36 41 38 
225-3-3 (B104/95:2-3)-3-3 38 42 37 43 38 
227-3-3 (B104/95:2-3)-3-3 34 34 33 35 34 
234-3-3 (B104/95:2-3)-3-3 44 47 43 49 43 
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Table 5. Continued 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
236-3-3 (B104/95:2-3)-3-3 29 38 33 39 31 
237-3-3 (B104/95:2-3)-3-3 43 43 39 42 41 
240-3-3 (B104/95:2-3)-3-3 37 46 35 44 36 
241-3-3 (B104/95:2-3)-3-3 36 42 36 40 36 
245-3-3 (B104/95:2-3)-3-3 42 42 39 44 40 
249-3-3 (B104/95:2-3)-3-3 32 40 32 40 32 
250-3-3 (B104/95:2-3)-3-3 35 49 42 49 38 
251-3-3 (B104/95:2-3)-3-3 39 40 37 39 38 
257-3-3 (B104/95:2-3)-3-3 43 50 45 52 44 
263-3-3 (B104/95:2-3)-3-3 34 40 37 40 35 
264-3-3 (B104/95:2-3)-3-3 36 40 38 41 37 
279-3-4 (B104/95:2-3)-3-4 33 41 37 42 35 
280-3-4 (B104/95:2-3)-3-4 36 39 33 39 35 
281-3-4 (B104/95:2-3)-3-4 40 44 40 44 40 
284-3-4 (B104/95:2-3)-3-4 39 41 36 42 38 
285-3-4 (B104/95:2-3)-3-4 41 39 35 40 38 
287-3-4 (B104/95:2-3)-3-4 53 39 37 41 45 
297-3-4 (B104/95:2-3)-3-4 37 38 35 39 36 
298-3-4 (B104/95:2-3)-3-4 50 60 48 60 49 
302-3-4 (B104/95:2-3)-3-4 48 50 51 50 49 
303-3-4 (B104/95:2-3)-3-4 39 45 42 47 40 
304-3-4 (B104/95:2-3)-3-4 38 44 39 43 38 
309-3-4 (B104/95:2-3)-3-4 38 42 35 43 37 
313-3-4 (B104/95:2-3)-3-4 33 40 33 40 33 
315-3-4 (B104/95:2-3)-3-4 38 41 38 41 38 
316-3-4 (B104/95:2-3)-3-4 30 47 38 44 34 
317-3-4 (B104/95:2-3)-3-4 42 41 37 40 39 
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Table 5. Continued 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
320-3-4 (B104/95:2-3)-3-4 29 35 29 34 29 
327-3-4 (B104/95:2-3)-3-4 39 54 40 52 40 
328-3-4 (B104/95:2-3)-3-4 35 45 37 44 36 
330-3-4 (B104/95:2-3)-3-4 38 43 34 43 36 
331-3-4 (B104/95:2-3)-3-4 44 53 48 53 46 
335-3-4 (B104/95:2-3)-3-4 39 49 39 48 39 
336-3-4 (B104/95:2-3)-3-4 43 51 46 53 45 
337-3-4 (B104/95:2-3)-3-4 43 51 43 50 43 
338-3-4 (B104/95:2-3)-3-4 34 39 37 39 35 
340-3-4 (B104/95:2-3)-3-4 39 44 39 44 39 
341-3-4 (B104/95:2-3)-3-4 40 45 38 43 39 
344-3-4 (B104/95:2-3)-3-4 40 45 41 45 41 
347-3-4 (B104/95:2-3)-3-4 35 39 37 40 36 
350-3-4 (B104/95:2-3)-3-4 34 38 33 38 33 
351-3-4 (B104/95:2-3)-3-4 34 37 34 37 34 
356-3-4 (B104/95:2-3)-3-4 43 49 42 48 42 
357-3-4 (B104/95:2-3)-3-4 37 38 35 39 36 
360-3-4 (B104/95:2-3)-3-4 43 47 40 46 41 
368-3-4 (B104/95:2-3)-3-4 38 46 41 47 39 
370-3-4 (B104/95:2-3)-3-4 38 46 35 47 36 
371-3-4 (B104/95:2-3)-3-4 45 41 41 45 43 
372-3-4 (B104/95:2-3)-3-4 38 43 44 44 41 
374-3-4 (B104/95:2-3)-3-4 34 37 32 37 33 
375-3-4 (B104/95:2-3)-3-4 36 40 35 41 35 
376-3-4 (B104/95:2-3)-3-4 36 42 37 43 37 
380-3-4 (B104/95:2-3)-3-4 31 36 34 36 33 
381-3-4 (B104/95:2-3)-3-4 39 50 36 49 38 
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Table 5. Continued 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
382-3-4 (B104/95:2-3)-3-4 34 38 34 39 34 
385-3-4 (B104/95:2-3)-3-4 37 43 37 43 37 
387-3-4 (B104/95:2-3)-3-4 32 44 38 43 35 
392-3-4 (B104/95:2-3)-3-4 37 45 38 44 38 
396-3-4 (B104/95:2-3)-3-4 38 43 40 44 39 
399-3-4 (B104/95:2-3)-3-4 44 42 35 41 39 
400-3-4 (B104/95:2-3)-3-4 37 44 34 43 35 
414-3-5 (B104/95:2-3)-3-5 33 40 36 39 35 
416-3-5 (B104/95:2-3)-3-5 37 42 40 43 39 
417-3-5 (B104/95:2-3)-3-5 46 47 42 47 44 
418-3-5 (B104/95:2-3)-3-5 38 36 32 36 35 
431-3-5 (B104/95:2-3)-3-5 31 34 32 33 32 
432-3-5 (B104/95:2-3)-3-5 40 48 40 48 40 
435-3-5 (B104/95:2-3)-3-5 32 43 33 41 33 
438-3-5 (B104/95:2-3)-3-5 36 42 41 40 39 
439-3-5 (B104/95:2-3)-3-5 32 39 39 40 36 
443-3-5 (B104/95:2-3)-3-5 40 43 38 41 39 
447-3-5 (B104/95:2-3)-3-5 40 49 44 49 42 
450-3-5 (B104/95:2-3)-3-5 36 43 40 45 38 
453-3-5 (B104/95:2-3)-3-5 35 40 38 43 37 
457-3-5 (B104/95:2-3)-3-5 39 43 38 44 38 
458-3-5 (B104/95:2-3)-3-5 36 41 35 41 35 
461-3-5 (B104/95:2-3)-3-5 37 48 40 53 39 
462-3-5 (B104/95:2-3)-3-5 50 42 38 43 44 
463-3-5 (B104/95:2-3)-3-5 40 44 38 44 39 
465-3-5 (B104/95:2-3)-3-5 43 46 43 48 43 
466-3-5 (B104/95:2-3)-3-5 37 41 38 41 37 
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Table 5. Continued 
  Number of kernels in 10 g 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
467-3-5 (B104/95:2-3)-3-5 38 42 39 42 39 
469-3-5 (B104/95:2-3)-3-5 46 50 47 50 47 
475-3-5 (B104/95:2-3)-3-5 33 40 37 39 35 
477-3-5 (B104/95:2-3)-3-5 37 43 37 40 37 
478-3-5 (B104/95:2-3)-3-5 39 38 38 39 38 
479-3-5 (B104/95:2-3)-3-5 39 41 40 44 39 
481-3-5 (B104/95:2-3)-3-5 29 39 32 38 31 
485-3-5 (B104/95:2-3)-3-5 38 44 37 45 38 
486-3-5 (B104/95:2-3)-3-5 32 38 37 38 34 
487-3-5 (B104/95:2-3)-3-5 39 44 42 44 40 
488-3-5 (B104/95:2-3)-3-5 31 34 34 34 32 
490-3-5 (B104/95:2-3)-3-5 35 41 35 40 35 
496-3-5 (B104/95:2-3)-3-5 35 45 42 45 38 
499-3-5 (B104/95:2-3)-3-5 30 37 29 37 29 
500-3-5 (B104/95:2-3)-3-5 40 44 39 44 40 
507-3-5 (B104/95:2-3)-3-5 40 48 41 46 41 
508-3-5 (B104/95:2-3)-3-5 39 42 40 43 40 
509-3-5 (B104/95:2-3)-3-5 32 35 39 35 36 
510-3-5 (B104/95:2-3)-3-5 43 42 40 43 42 
511-3-5 (B104/95:2-3)-3-5 37 43 33 43 35 
512-3-5 (B104/95:2-3)-3-5 33 36 37 36 35 
519-3-5 (B104/95:2-3)-3-5 33 38 35 37 34 
521-3-5 (B104/95:2-3)-3-5 36 39 37 39 37 
523-3-5 (B104/95:2-3)-3-5 36 44 36 45 36 
524-3-5 (B104/95:2-3)-3-5 47 53 46 54 46 
529-3-5 (B104/95:2-3)-3-5 35 42 39 43 37 
531-3-5 (B104/95:2-3)-3-5 31 41 34 43 32 
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Table 6. Mean performance of popping expansion ml 30 g-1 of the F2 and F3 
lines evaluated in AAERC and Curtiss Farm, 2002, 2003, and 2004. 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
6-3-1 (B104/95:2-3)-3-1 480 510 500 547 490 
13-3-1 (B104/95:2-3)-3-1 1140 1010 1260 1033 1200 
14-3-1 (B104/95:2-3)-3-1 300 500 500 560 400 
15-3-1 (B104/95:2-3)-3-1 240 490 340 407 290 
20-3-1 (B104/95:2-3)-3-1 220 480 430 493 325 
24-3-1 (B104/95:2-3)-3-1 580 700 860 720 720 
27-3-1 (B104/95:2-3)-3-1 320 350 240 333 280 
37-3-1 (B104/95:2-3)-3-1 720 970 1030 1073 875 
38-3-1 (B104/95:2-3)-3-1 500 520 500 573 500 
41-3-1 (B104/95:2-3)-3-1 340 680 510 707 425 
45-3-1 (B104/95:2-3)-3-1 240 360 400 393 320 
51-3-1 (B104/95:2-3)-3-1 460 690 650 713 555 
53-3-1 (B104/95:2-3)-3-1 200 370 240 320 220 
59-3-1 (B104/95:2-3)-3-1 480 620 460 567 470 
60-3-1 (B104/95:2-3)-3-1 500 780 610 720 555 
63-3-1 (B104/95:2-3)-3-1 260 430 400 447 330 
64-3-1 (B104/95:2-3)-3-1 820 960 1200 993 1010 
69-3-1 (B104/95:2-3)-3-1 780 790 520 827 650 
72-3-1 (B104/95:2-3)-3-1 420 670 720 707 570 
73-3-1 (B104/95:2-3)-3-1 320 350 310 320 315 
74-3-1 (B104/95:2-3)-3-1 400 490 470 507 435 
82-3-1 (B104/95:2-3)-3-1 420 370 310 367 365 
83-3-1 (B104/95:2-3)-3-1 460 720 720 693 590 
85-3-1 (B104/95:2-3)-3-1 400 610 460 540 430 
86-3-1 (B104/95:2-3)-3-1 260 450 470 453 365 
89-3-1 (B104/95:2-3)-3-1 240 480 380 487 310 
92-3-1 (B104/95:2-3)-3-1 620 810 620 747 620 
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Table 6. Continued 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
93-3-1 (B104/95:2-3)-3-1 480 850 820 807 650 
94-3-1 (B104/95:2-3)-3-1 740 760 850 740 795 
95-3-1 (B104/95:2-3)-3-1 420 420 430 440 425 
97-3-1 (B104/95:2-3)-3-1 560 780 770 740 665 
98-3-1 (B104/95:2-3)-3-1 520 570 580 533 550 
103-3-1 (B104/95:2-3)-3-1 620 480 620 520 620 
104-3-1 (B104/95:2-3)-3-1 860 820 770 800 815 
106-3-1 (B104/95:2-3)-3-1 460 650 490 587 475 
107-3-1 (B104/95:2-3)-3-1 520 550 530 607 525 
110-3-1 (B104/95:2-3)-3-1 600 660 530 640 565 
113-3-1 (B104/95:2-3)-3-1 720 590 580 573 650 
115-3-1 (B104/95:2-3)-3-1 620 670 650 707 635 
116-3-1 (B104/95:2-3)-3-1 560 920 800 887 680 
117-3-1 (B104/95:2-3)-3-1 440 630 590 673 515 
119-3-1 (B104/95:2-3)-3-1 400 770 630 700 515 
120-3-1 (B104/95:2-3)-3-1 660 670 420 673 540 
121-3-1 (B104/95:2-3)-3-1 380 650 560 640 470 
136-3-3 (B104/95:2-3)-3-3 500 700 610 647 555 
137-3-3 (B104/95:2-3)-3-3 150 370 370 360 260 
139-3-3 (B104/95:2-3)-3-3 220 340 250 300 235 
140-3-3 (B104/95:2-3)-3-3 400 790 490 720 445 
141-3-3 (B104/95:2-3)-3-3 540 460 410 460 475 
144-3-3 (B104/95:2-3)-3-3 360 710 710 673 535 
149-3-3 (B104/95:2-3)-3-3 360 400 250 393 305 
154-3-3 (B104/95:2-3)-3-3 740 760 560 707 650 
156-3-3 (B104/95:2-3)-3-3 840 980 750 893 795 
168-3-3 (B104/95:2-3)-3-3 360 470 650 440 505 
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Table 6. Continued 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
169-3-3 (B104/95:2-3)-3-3 220 520 530 493 375 
172-3-3 (B104/95:2-3)-3-3 360 750 540 687 450 
174-3-3 (B104/95:2-3)-3-3 420 840 800 880 610 
175-3-3 (B104/95:2-3)-3-3 380 640 640 607 510 
179-3-3 (B104/95:2-3)-3-3 820 990 770 987 795 
185-3-3 (B104/95:2-3)-3-3 340 640 470 613 405 
188-3-3 (B104/95:2-3)-3-3 400 530 590 560 495 
190-3-3 (B104/95:2-3)-3-3 340 580 470 467 405 
195-3-3 (B104/95:2-3)-3-3 480 1040 620 1033 550 
196-3-3 (B104/95:2-3)-3-3 600 500 500 460 550 
197-3-3 (B104/95:2-3)-3-3 440 640 390 593 415 
198-3-3 (B104/95:2-3)-3-3 520 870 760 833 640 
201-3-3 (B104/95:2-3)-3-3 420 500 570 553 495 
202-3-3 (B104/95:2-3)-3-3 280 580 520 653 400 
203-3-3 (B104/95:2-3)-3-3 700 600 540 580 620 
208-3-3 (B104/95:2-3)-3-3 1040 870 850 853 945 
209-3-3 (B104/95:2-3)-3-3 140 290 260 293 200 
212-3-3 (B104/95:2-3)-3-3 400 550 490 573 445 
214-3-3 (B104/95:2-3)-3-3 700 760 930 713 815 
219-3-3 (B104/95:2-3)-3-3 600 730 690 767 645 
220-3-3 (B104/95:2-3)-3-3 280 350 380 367 330 
221-3-3 (B104/95:2-3)-3-3 460 630 510 653 485 
222-3-3 (B104/95:2-3)-3-3 360 640 630 620 495 
223-3-3 (B104/95:2-3)-3-3 300 520 420 567 360 
225-3-3 (B104/95:2-3)-3-3 640 920 840 907 740 
227-3-3 (B104/95:2-3)-3-3 520 570 450 520 485 
234-3-3 (B104/95:2-3)-3-3 500 710 690 713 595 
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Table 6. Continued 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
236-3-3 (B104/95:2-3)-3-3 240 490 380 447 310 
237-3-3 (B104/95:2-3)-3-3 400 410 370 393 385 
240-3-3 (B104/95:2-3)-3-3 680 760 560 653 620 
241-3-3 (B104/95:2-3)-3-3 260 540 400 473 330 
245-3-3 (B104/95:2-3)-3-3 400 710 500 640 450 
249-3-3 (B104/95:2-3)-3-3 460 570 460 560 460 
250-3-3 (B104/95:2-3)-3-3 720 900 870 880 795 
251-3-3 (B104/95:2-3)-3-3 540 520 450 527 495 
257-3-3 (B104/95:2-3)-3-3 1100 1070 1170 1093 1135 
263-3-3 (B104/95:2-3)-3-3 260 450 480 493 370 
264-3-3 (B104/95:2-3)-3-3 340 610 580 620 460 
279-3-4 (B104/95:2-3)-3-4 420 500 490 520 455 
280-3-4 (B104/95:2-3)-3-4 660 870 820 833 740 
281-3-4 (B104/95:2-3)-3-4 860 1100 1150 1120 1005 
284-3-4 (B104/95:2-3)-3-4 800 740 570 787 685 
285-3-4 (B104/95:2-3)-3-4 260 540 490 540 375 
287-3-4 (B104/95:2-3)-3-4 300 580 450 553 375 
297-3-4 (B104/95:2-3)-3-4 440 810 780 747 610 
298-3-4 (B104/95:2-3)-3-4 500 820 600 760 550 
302-3-4 (B104/95:2-3)-3-4 520 830 1120 847 820 
303-3-4 (B104/95:2-3)-3-4 640 780 750 807 695 
304-3-4 (B104/95:2-3)-3-4 480 730 550 747 515 
309-3-4 (B104/95:2-3)-3-4 860 750 590 727 725 
313-3-4 (B104/95:2-3)-3-4 520 750 670 733 595 
315-3-4 (B104/95:2-3)-3-4 540 580 520 540 530 
316-3-4 (B104/95:2-3)-3-4 440 660 680 633 560 
317-3-4 (B104/95:2-3)-3-4 320 540 390 513 355 
 129 
Table 6. Continued 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
320-3-4 (B104/95:2-3)-3-4 200 320 240 287 220 
327-3-4 (B104/95:2-3)-3-4 400 750 630 680 515 
328-3-4 (B104/95:2-3)-3-4 600 680 650 680 625 
330-3-4 (B104/95:2-3)-3-4 800 740 690 760 745 
331-3-4 (B104/95:2-3)-3-4 820 790 770 813 795 
335-3-4 (B104/95:2-3)-3-4 780 1000 830 1007 805 
336-3-4 (B104/95:2-3)-3-4 620 820 760 847 690 
337-3-4 (B104/95:2-3)-3-4 440 540 550 607 495 
338-3-4 (B104/95:2-3)-3-4 560 750 510 693 535 
340-3-4 (B104/95:2-3)-3-4 520 750 690 753 605 
341-3-4 (B104/95:2-3)-3-4 360 590 420 520 390 
344-3-4 (B104/95:2-3)-3-4 780 1120 1180 1140 980 
347-3-4 (B104/95:2-3)-3-4 460 660 650 667 555 
350-3-4 (B104/95:2-3)-3-4 220 440 230 387 225 
351-3-4 (B104/95:2-3)-3-4 520 470 470 440 495 
356-3-4 (B104/95:2-3)-3-4 360 950 970 967 665 
357-3-4 (B104/95:2-3)-3-4 380 660 610 660 495 
360-3-4 (B104/95:2-3)-3-4 760 600 440 607 600 
368-3-4 (B104/95:2-3)-3-4  940 1020 880 510 
370-3-4 (B104/95:2-3)-3-4 740 860 610 800 675 
371-3-4 (B104/95:2-3)-3-4 400 450 670 553 535 
372-3-4 (B104/95:2-3)-3-4 720 910 670 893 695 
374-3-4 (B104/95:2-3)-3-4 220 320 450 327 335 
375-3-4 (B104/95:2-3)-3-4 540 690 550 720 545 
376-3-4 (B104/95:2-3)-3-4 360 660 700 700 530 
380-3-4 (B104/95:2-3)-3-4 400 420 370 453 385 
381-3-4 (B104/95:2-3)-3-4 520 740 660 700 590 
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Table 6. Continued 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
382-3-4 (B104/95:2-3)-3-4 380 670 610 660 495 
385-3-4 (B104/95:2-3)-3-4 380 600 390 553 385 
387-3-4 (B104/95:2-3)-3-4 480 550 530 520 505 
392-3-4 (B104/95:2-3)-3-4 1100 840 1020 840 1060 
396-3-4 (B104/95:2-3)-3-4 840 940 740 953 790 
399-3-4 (B104/95:2-3)-3-4 260 370 380 387 320 
400-3-4 (B104/95:2-3)-3-4 440 920 860 827 650 
414-3-5 (B104/95:2-3)-3-5 380 450 450 420 415 
416-3-5 (B104/95:2-3)-3-5 560 760 790 760 675 
417-3-5 (B104/95:2-3)-3-5 720 860 1040 853 880 
418-3-5 (B104/95:2-3)-3-5 300 340 390 400 345 
431-3-5 (B104/95:2-3)-3-5 280 400 460 367 370 
432-3-5 (B104/95:2-3)-3-5 260 620 370 613 315 
435-3-5 (B104/95:2-3)-3-5 180 220 250 233 215 
438-3-5 (B104/95:2-3)-3-5 260 380 270 360 265 
439-3-5 (B104/95:2-3)-3-5 840 770 710 707 775 
443-3-5 (B104/95:2-3)-3-5 480 880 820 853 650 
447-3-5 (B104/95:2-3)-3-5 660 520 650 567 655 
450-3-5 (B104/95:2-3)-3-5 620 1010 770 1033 695 
453-3-5 (B104/95:2-3)-3-5 440 790 610 767 525 
457-3-5 (B104/95:2-3)-3-5 840 920 960 927 900 
458-3-5 (B104/95:2-3)-3-5 660 750 750 780 705 
461-3-5 (B104/95:2-3)-3-5 200 600 410 527 305 
462-3-5 (B104/95:2-3)-3-5 620 530 640 547 630 
463-3-5 (B104/95:2-3)-3-5 780 770 760 753 770 
465-3-5 (B104/95:2-3)-3-5 700 960 1060 960 880 
466-3-5 (B104/95:2-3)-3-5 460 970 670 880 565 
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Table 6. Continued 
  Popping expansion (ml 30 g-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
467-3-5 (B104/95:2-3)-3-5 360 710 590 720 475 
469-3-5 (B104/95:2-3)-3-5 840 1000 870 947 855 
475-3-5 (B104/95:2-3)-3-5 200 430 350 400 275 
477-3-5 (B104/95:2-3)-3-5 740 530 590 567 665 
478-3-5 (B104/95:2-3)-3-5 420 540 730 540 575 
479-3-5 (B104/95:2-3)-3-5 1040 930 900 947 970 
481-3-5 (B104/95:2-3)-3-5 220 410 230 460 225 
485-3-5 (B104/95:2-3)-3-5 420 700 690 700 555 
486-3-5 (B104/95:2-3)-3-5 200 380 330 380 265 
487-3-5 (B104/95:2-3)-3-5 780 860 890 853 835 
488-3-5 (B104/95:2-3)-3-5 240 400 630 400 435 
490-3-5 (B104/95:2-3)-3-5 680 1000 810 980 745 
496-3-5 (B104/95:2-3)-3-5 380 770 730 833 555 
499-3-5 (B104/95:2-3)-3-5 400 460 450 427 425 
500-3-5 (B104/95:2-3)-3-5 840 1020 950 1013 895 
507-3-5 (B104/95:2-3)-3-5 280 930 930 820 605 
508-3-5 (B104/95:2-3)-3-5 360 530 420 560 390 
509-3-5 (B104/95:2-3)-3-5 360 310 330 287 345 
510-3-5 (B104/95:2-3)-3-5 800 790 660 740 730 
511-3-5 (B104/95:2-3)-3-5 540 600 500 560 520 
512-3-5 (B104/95:2-3)-3-5 240 490 640 447 440 
519-3-5 (B104/95:2-3)-3-5 500 570 410 533 455 
521-3-5 (B104/95:2-3)-3-5 460 640 660 580 560 
523-3-5 (B104/95:2-3)-3-5 980 970 950 967 965 
524-3-5 (B104/95:2-3)-3-5 860 900 1010 893 935 
529-3-5 (B104/95:2-3)-3-5 840 830 930 833 885 
531-3-5 (B104/95:2-3)-3-5 220 590 350 547 285 
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Table 7. Mean performance of expansion per kernel ml kernel-1 of the F2 and F3 
lines evaluated in AAERC and Curtiss Farm, 2002, 2003, and 2004. 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
6-3-1 (B104/95:2-3)-3-1 4.10 4.13 4.39 4.35 4.24 
13-3-1 (B104/95:2-3)-3-1 9.74 7.01 9.34 7.18 9.54 
14-3-1 (B104/95:2-3)-3-1 3.23 4.48 4.64 4.97 3.93 
15-3-1 (B104/95:2-3)-3-1 2.05 4.18 2.83 3.42 2.44 
20-3-1 (B104/95:2-3)-3-1 1.93 4.18 3.98 4.16 2.96 
24-3-1 (B104/95:2-3)-3-1 5.37 5.74 8.43 6.05 6.90 
27-3-1 (B104/95:2-3)-3-1 3.68 3.59 2.77 3.32 3.22 
37-3-1 (B104/95:2-3)-3-1 5.71 6.98 8.14 7.44 6.93 
38-3-1 (B104/95:2-3)-3-1 4.50 4.40 4.96 4.78 4.73 
41-3-1 (B104/95:2-3)-3-1 3.06 6.04 4.84 6.14 3.95 
45-3-1 (B104/95:2-3)-3-1 2.22 3.04 4.11 3.41 3.17 
51-3-1 (B104/95:2-3)-3-1 3.74 4.82 5.33 5.05 4.54 
53-3-1 (B104/95:2-3)-3-1 2.02 3.68 2.62 3.22 2.32 
59-3-1 (B104/95:2-3)-3-1 5.16 5.53 4.14 5.14 4.65 
60-3-1 (B104/95:2-3)-3-1 4.17 6.20 5.78 5.76 4.97 
63-3-1 (B104/95:2-3)-3-1 2.99 4.10 4.30 4.13 3.64 
64-3-1 (B104/95:2-3)-3-1 7.01 6.87 10.36 7.32 8.68 
69-3-1 (B104/95:2-3)-3-1 5.78 6.07 4.41 5.97 5.09 
72-3-1 (B104/95:2-3)-3-1 4.00 6.13 6.33 6.31 5.17 
73-3-1 (B104/95:2-3)-3-1 3.56 3.76 3.57 3.31 3.56 
74-3-1 (B104/95:2-3)-3-1 3.60 4.25 4.41 4.23 4.01 
82-3-1 (B104/95:2-3)-3-1 3.78 3.38 3.14 3.36 3.46 
83-3-1 (B104/95:2-3)-3-1 3.83 5.16 6.24 5.06 5.04 
85-3-1 (B104/95:2-3)-3-1 4.17 5.13 4.45 4.48 4.31 
86-3-1 (B104/95:2-3)-3-1 2.71 4.26 4.56 4.15 3.63 
89-3-1 (B104/95:2-3)-3-1 2.35 4.10 3.89 4.12 3.12 
92-3-1 (B104/95:2-3)-3-1 5.44 7.02 6.00 6.49 5.72 
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Table 7. Continued 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
93-3-1 (B104/95:2-3)-3-1 4.57 7.10 7.19 6.84 5.88 
94-3-1 (B104/95:2-3)-3-1 5.14 5.28 6.32 5.01 5.73 
95-3-1 (B104/95:2-3)-3-1 4.24 3.72 4.03 3.92 4.14 
97-3-1 (B104/95:2-3)-3-1 4.44 5.94 6.49 5.66 5.47 
98-3-1 (B104/95:2-3)-3-1 4.81 5.42 6.44 5.07 5.63 
103-3-1 (B104/95:2-3)-3-1 5.74 3.61 5.56 3.83 5.65 
104-3-1 (B104/95:2-3)-3-1 7.96 6.50 6.84 6.34 7.40 
106-3-1 (B104/95:2-3)-3-1 3.26 4.93 3.97 4.63 3.62 
107-3-1 (B104/95:2-3)-3-1 5.42 4.97 4.71 5.54 5.06 
110-3-1 (B104/95:2-3)-3-1 4.17 4.51 4.43 4.24 4.30 
113-3-1 (B104/95:2-3)-3-1 6.86 4.92 5.61 4.64 6.23 
115-3-1 (B104/95:2-3)-3-1 5.74 5.58 6.11 5.69 5.92 
116-3-1 (B104/95:2-3)-3-1 4.79 7.05 6.35 6.72 5.57 
117-3-1 (B104/95:2-3)-3-1 3.76 5.07 5.46 5.25 4.61 
119-3-1 (B104/95:2-3)-3-1 3.51 5.90 5.68 5.32 4.59 
120-3-1 (B104/95:2-3)-3-1 6.11 5.12 3.75 4.96 4.93 
121-3-1 (B104/95:2-3)-3-1 3.52 4.60 4.66 4.56 4.09 
136-3-3 (B104/95:2-3)-3-3 4.39 5.15 5.82 4.61 5.10 
137-3-3 (B104/95:2-3)-3-3 1.52 3.71 3.24 3.39 2.38 
139-3-3 (B104/95:2-3)-3-3 2.16 2.99 2.42 2.62 2.29 
140-3-3 (B104/95:2-3)-3-3 3.81 7.42 5.10 6.64 4.46 
141-3-3 (B104/95:2-3)-3-3 4.39 4.38 4.13 4.20 4.26 
144-3-3 (B104/95:2-3)-3-3 2.86 5.51 5.94 5.38 4.40 
149-3-3 (B104/95:2-3)-3-3 3.75 3.92 2.62 3.73 3.19 
154-3-3 (B104/95:2-3)-3-3 6.17 6.06 5.04 5.67 5.60 
156-3-3 (B104/95:2-3)-3-3 7.57 6.73 6.28 6.31 6.92 
168-3-3 (B104/95:2-3)-3-3 3.43 3.87 5.59 3.66 4.51 
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Table 7. Continued 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
169-3-3 (B104/95:2-3)-3-3 1.56 3.43 3.96 3.33 2.76 
172-3-3 (B104/95:2-3)-3-3 3.16 6.42 5.00 5.84 4.08 
174-3-3 (B104/95:2-3)-3-3 3.89 6.57 6.85 6.75 5.37 
175-3-3 (B104/95:2-3)-3-3 3.09 4.81 6.00 4.49 4.54 
179-3-3 (B104/95:2-3)-3-3 6.67 8.25 7.24 8.37 6.95 
185-3-3 (B104/95:2-3)-3-3 3.33 5.28 4.36 5.04 3.85 
188-3-3 (B104/95:2-3)-3-3 3.60 4.01 4.97 4.20 4.29 
190-3-3 (B104/95:2-3)-3-3 2.64 4.64 4.42 3.88 3.53 
195-3-3 (B104/95:2-3)-3-3 3.64 7.79 5.54 7.61 4.59 
196-3-3 (B104/95:2-3)-3-3 6.25 4.56 5.11 4.21 5.68 
197-3-3 (B104/95:2-3)-3-3 4.73 5.85 4.19 5.32 4.46 
198-3-3 (B104/95:2-3)-3-3 4.03 6.22 6.47 6.11 5.25 
201-3-3 (B104/95:2-3)-3-3 3.89 4.21 5.77 4.64 4.83 
202-3-3 (B104/95:2-3)-3-3 2.22 3.90 3.73 4.28 2.98 
203-3-3 (B104/95:2-3)-3-3 7.53 5.40 5.14 4.85 6.33 
208-3-3 (B104/95:2-3)-3-3 8.25 5.63 5.93 5.54 7.09 
209-3-3 (B104/95:2-3)-3-3 1.61 2.84 2.32 2.82 1.97 
212-3-3 (B104/95:2-3)-3-3 3.51 4.40 4.45 4.66 3.98 
214-3-3 (B104/95:2-3)-3-3 5.83 6.04 7.75 5.59 6.79 
219-3-3 (B104/95:2-3)-3-3 5.56 5.66 6.20 5.60 5.88 
220-3-3 (B104/95:2-3)-3-3 2.92 3.20 3.71 3.44 3.31 
221-3-3 (B104/95:2-3)-3-3 4.38 4.57 4.62 4.81 4.50 
222-3-3 (B104/95:2-3)-3-3 3.75 5.48 5.69 5.30 4.72 
223-3-3 (B104/95:2-3)-3-3 2.56 4.25 3.92 4.58 3.24 
225-3-3 (B104/95:2-3)-3-3 5.61 7.33 7.57 7.06 6.59 
227-3-3 (B104/95:2-3)-3-3 5.10 5.58 4.55 4.95 4.82 
234-3-3 (B104/95:2-3)-3-3 3.79 5.08 5.40 4.90 4.60 
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Table 7. Continued 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
236-3-3 (B104/95:2-3)-3-3 2.76 4.32 3.84 3.84 3.30 
237-3-3 (B104/95:2-3)-3-3 3.10 3.20 3.21 3.11 3.15 
240-3-3 (B104/95:2-3)-3-3 6.13 5.65 5.32 4.96 5.72 
241-3-3 (B104/95:2-3)-3-3 2.41 4.34 3.76 3.88 3.09 
245-3-3 (B104/95:2-3)-3-3 3.17 5.64 4.36 4.94 3.77 
249-3-3 (B104/95:2-3)-3-3 4.79 4.81 4.80 4.71 4.79 
250-3-3 (B104/95:2-3)-3-3 6.86 6.14 6.99 6.04 6.92 
251-3-3 (B104/95:2-3)-3-3 4.62 4.39 4.06 4.47 4.34 
257-3-3 (B104/95:2-3)-3-3 8.53 7.22 8.72 7.00 8.62 
263-3-3 (B104/95:2-3)-3-3 2.55 3.73 4.39 4.10 3.47 
264-3-3 (B104/95:2-3)-3-3 3.15 5.13 5.17 5.07 4.16 
279-3-4 (B104/95:2-3)-3-4 4.24 4.13 4.47 4.17 4.36 
280-3-4 (B104/95:2-3)-3-4 6.11 7.44 8.28 7.07 7.20 
281-3-4 (B104/95:2-3)-3-4 7.17 8.42 9.69 8.48 8.43 
284-3-4 (B104/95:2-3)-3-4 6.84 6.07 5.28 6.27 6.06 
285-3-4 (B104/95:2-3)-3-4 2.11 4.61 4.70 4.50 3.41 
287-3-4 (B104/95:2-3)-3-4 1.89 5.03 4.16 4.59 3.02 
297-3-4 (B104/95:2-3)-3-4 3.96 7.19 7.43 6.48 5.70 
298-3-4 (B104/95:2-3)-3-4 3.33 4.55 4.21 4.22 3.77 
302-3-4 (B104/95:2-3)-3-4 3.61 5.54 7.36 5.65 5.49 
303-3-4 (B104/95:2-3)-3-4 5.47 5.86 6.03 5.71 5.75 
304-3-4 (B104/95:2-3)-3-4 4.21 5.58 4.75 5.74 4.48 
309-3-4 (B104/95:2-3)-3-4 7.54 6.03 5.60 5.63 6.57 
313-3-4 (B104/95:2-3)-3-4 5.25 6.37 6.77 6.14 6.01 
315-3-4 (B104/95:2-3)-3-4 4.74 4.77 4.62 4.37 4.68 
316-3-4 (B104/95:2-3)-3-4 4.89 4.68 5.97 4.82 5.43 
317-3-4 (B104/95:2-3)-3-4 2.54 4.45 3.56 4.24 3.05 
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Table 7. Continued 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
320-3-4 (B104/95:2-3)-3-4 2.30 3.09 2.76 2.82 2.53 
327-3-4 (B104/95:2-3)-3-4 3.42 4.69 5.23 4.40 4.32 
328-3-4 (B104/95:2-3)-3-4 5.71 5.04 5.92 5.20 5.82 
330-3-4 (B104/95:2-3)-3-4 7.02 5.80 6.76 5.94 6.89 
331-3-4 (B104/95:2-3)-3-4 6.21 5.01 5.34 5.14 5.77 
335-3-4 (B104/95:2-3)-3-4 6.67 6.87 7.13 7.04 6.90 
336-3-4 (B104/95:2-3)-3-4 4.81 5.38 5.51 5.34 5.16 
337-3-4 (B104/95:2-3)-3-4 3.41 3.56 4.26 4.02 3.84 
338-3-4 (B104/95:2-3)-3-4 5.49 6.40 4.62 5.92 5.05 
340-3-4 (B104/95:2-3)-3-4 4.44 5.75 5.98 5.71 5.21 
341-3-4 (B104/95:2-3)-3-4 3.00 4.36 3.74 3.99 3.37 
344-3-4 (B104/95:2-3)-3-4 6.50 8.45 9.59 8.42 8.05 
347-3-4 (B104/95:2-3)-3-4 4.38 5.64 5.92 5.60 5.15 
350-3-4 (B104/95:2-3)-3-4 2.16 3.91 2.36 3.41 2.26 
351-3-4 (B104/95:2-3)-3-4 5.10 4.27 4.71 3.96 4.90 
356-3-4 (B104/95:2-3)-3-4 2.79 6.53 7.80 6.77 5.29 
357-3-4 (B104/95:2-3)-3-4 3.42 5.79 5.84 5.69 4.63 
360-3-4 (B104/95:2-3)-3-4 5.89 4.26 3.71 4.37 4.80 
368-3-4 (B104/95:2-3)-3-4  6.82 8.40 6.27 4.20 
370-3-4 (B104/95:2-3)-3-4 6.49 6.23 5.90 5.70 6.20 
371-3-4 (B104/95:2-3)-3-4 2.96 3.66 5.46 4.06 4.21 
372-3-4 (B104/95:2-3)-3-4 6.32 7.09 5.14 6.76 5.73 
374-3-4 (B104/95:2-3)-3-4 2.16 2.93 4.65 2.94 3.40 
375-3-4 (B104/95:2-3)-3-4 5.00 5.80 5.29 5.84 5.14 
376-3-4 (B104/95:2-3)-3-4 3.33 5.24 6.31 5.42 4.82 
380-3-4 (B104/95:2-3)-3-4 4.30 3.88 3.63 4.15 3.96 
381-3-4 (B104/95:2-3)-3-4 4.44 4.94 6.08 4.76 5.26 
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Table 7. Continued 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
382-3-4 (B104/95:2-3)-3-4 3.73 5.92 5.98 5.73 4.85 
385-3-4 (B104/95:2-3)-3-4 3.42 4.79 3.56 4.38 3.49 
387-3-4 (B104/95:2-3)-3-4 5.00 4.22 4.69 4.06 4.85 
392-3-4 (B104/95:2-3)-3-4 9.91 6.34 8.95 6.35 9.43 
396-3-4 (B104/95:2-3)-3-4 7.37 7.38 6.20 7.19 6.78 
399-3-4 (B104/95:2-3)-3-4 1.97 2.94 3.67 3.12 2.82 
400-3-4 (B104/95:2-3)-3-4 3.96 7.10 8.48 6.42 6.22 
414-3-5 (B104/95:2-3)-3-5 3.84 3.82 4.17 3.60 4.00 
416-3-5 (B104/95:2-3)-3-5 5.05 6.08 6.56 5.93 5.80 
417-3-5 (B104/95:2-3)-3-5 5.22 6.23 8.35 6.06 6.78 
418-3-5 (B104/95:2-3)-3-5 2.63 3.20 4.07 3.69 3.35 
431-3-5 (B104/95:2-3)-3-5 3.01 3.97 4.86 3.69 3.94 
432-3-5 (B104/95:2-3)-3-5 2.17 4.30 3.10 4.23 2.63 
435-3-5 (B104/95:2-3)-3-5 1.88 1.72 2.56 1.92 2.22 
438-3-5 (B104/95:2-3)-3-5 2.41 3.07 2.21 3.01 2.31 
439-3-5 (B104/95:2-3)-3-5 8.75 6.58 6.07 5.96 7.41 
443-3-5 (B104/95:2-3)-3-5 4.00 6.92 7.30 6.89 5.65 
447-3-5 (B104/95:2-3)-3-5 5.50 3.54 5.00 3.82 5.25 
450-3-5 (B104/95:2-3)-3-5 5.74 7.83 6.50 7.67 6.12 
453-3-5 (B104/95:2-3)-3-5 4.19 6.56 5.40 6.04 4.79 
457-3-5 (B104/95:2-3)-3-5 7.18 7.13 8.58 7.03 7.88 
458-3-5 (B104/95:2-3)-3-5 6.11 6.10 7.25 6.29 6.68 
461-3-5 (B104/95:2-3)-3-5 1.80 4.24 3.41 3.48 2.61 
462-3-5 (B104/95:2-3)-3-5 4.13 4.21 5.63 4.27 4.88 
463-3-5 (B104/95:2-3)-3-5 6.50 5.89 6.68 5.71 6.59 
465-3-5 (B104/95:2-3)-3-5 5.43 6.99 8.32 6.75 6.88 
466-3-5 (B104/95:2-3)-3-5 4.14 7.90 5.95 7.21 5.05 
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Table 7. Continued 
  Expansion per kernel (ml kernel-1) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
467-3-5 (B104/95:2-3)-3-5 3.16 5.63 5.06 5.67 4.11 
469-3-5 (B104/95:2-3)-3-5 6.09 6.72 6.17 6.35 6.13 
475-3-5 (B104/95:2-3)-3-5 2.02 3.58 3.19 3.38 2.61 
477-3-5 (B104/95:2-3)-3-5 6.67 4.17 5.31 4.87 5.99 
478-3-5 (B104/95:2-3)-3-5 3.59 4.80 6.49 4.67 5.04 
479-3-5 (B104/95:2-3)-3-5 8.89 7.56 7.59 7.22 8.24 
481-3-5 (B104/95:2-3)-3-5 2.53 3.55 2.40 4.09 2.46 
485-3-5 (B104/95:2-3)-3-5 3.68 5.33 6.20 5.17 4.94 
486-3-5 (B104/95:2-3)-3-5 2.08 3.33 3.01 3.30 2.55 
487-3-5 (B104/95:2-3)-3-5 6.67 6.53 7.16 6.48 6.91 
488-3-5 (B104/95:2-3)-3-5 2.58 3.91 6.09 3.96 4.34 
490-3-5 (B104/95:2-3)-3-5 6.48 8.23 7.82 8.10 7.15 
496-3-5 (B104/95:2-3)-3-5 3.62 5.93 5.86 6.27 4.74 
499-3-5 (B104/95:2-3)-3-5 4.44 4.22 5.26 3.89 4.85 
500-3-5 (B104/95:2-3)-3-5 7.00 7.81 8.15 7.62 7.58 
507-3-5 (B104/95:2-3)-3-5 2.33 6.47 7.54 5.94 4.93 
508-3-5 (B104/95:2-3)-3-5 3.08 4.28 3.47 4.32 3.27 
509-3-5 (B104/95:2-3)-3-5 3.75 2.95 2.81 2.73 3.28 
510-3-5 (B104/95:2-3)-3-5 6.20 6.41 5.53 5.82 5.87 
511-3-5 (B104/95:2-3)-3-5 4.86 4.65 5.04 4.31 4.95 
512-3-5 (B104/95:2-3)-3-5 2.42 4.55 5.84 4.12 4.13 
519-3-5 (B104/95:2-3)-3-5 5.05 5.10 4.03 4.82 4.54 
521-3-5 (B104/95:2-3)-3-5 4.26 5.48 5.95 4.93 5.10 
523-3-5 (B104/95:2-3)-3-5 9.07 7.39 8.91 7.24 8.99 
524-3-5 (B104/95:2-3)-3-5 6.10 5.65 7.40 5.55 6.75 
529-3-5 (B104/95:2-3)-3-5 8.00 6.68 7.93 6.53 7.96 
531-3-5 (B104/95:2-3)-3-5 2.37 4.82 3.45 4.28 2.91 
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Table 8. Mean performance of heat units to anthesis (GDD) of the F2 and F3 
lines evaluated in AAERC and Curtiss Farm, 2002, 2003, and 2004. 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
6-3-1 (B104/95:2-3)-3-1 488 552 495 544 524 
13-3-1 (B104/95:2-3)-3-1 520 585 529 578 557 
14-3-1 (B104/95:2-3)-3-1 494 566 518 560 542 
15-3-1 (B104/95:2-3)-3-1 494 566 504 568 535 
20-3-1 (B104/95:2-3)-3-1 502 561 498 553 530 
24-3-1 (B104/95:2-3)-3-1 471 552 501 544 527 
27-3-1 (B104/95:2-3)-3-1 502 557 504 554 530 
37-3-1 (B104/95:2-3)-3-1 502 561 511 557 536 
38-3-1 (B104/95:2-3)-3-1 488 552 508 551 530 
41-3-1 (B104/95:2-3)-3-1 502 575 514 563 545 
45-3-1 (B104/95:2-3)-3-1 488 552 498 547 525 
51-3-1 (B104/95:2-3)-3-1 502 570 522 568 546 
53-3-1 (B104/95:2-3)-3-1 488 552 498 539 525 
59-3-1 (B104/95:2-3)-3-1 502 580 522 569 551 
60-3-1 (B104/95:2-3)-3-1 480 557 504 550 530 
63-3-1 (B104/95:2-3)-3-1 471 552 498 539 525 
64-3-1 (B104/95:2-3)-3-1 488 585 511 578 548 
69-3-1 (B104/95:2-3)-3-1 471 552 501 547 527 
72-3-1 (B104/95:2-3)-3-1 488 552 504 544 528 
73-3-1 (B104/95:2-3)-3-1 494 557 514 547 535 
74-3-1 (B104/95:2-3)-3-1 494 561 526 562 543 
82-3-1 (B104/95:2-3)-3-1 488 561 501 562 531 
83-3-1 (B104/95:2-3)-3-1 480 552 501 556 527 
85-3-1 (B104/95:2-3)-3-1 488 585 514 578 549 
86-3-1 (B104/95:2-3)-3-1 510 597 537 589 567 
89-3-1 (B104/95:2-3)-3-1 494 561 511 557 536 
92-3-1 (B104/95:2-3)-3-1 494 561 511 553 536 
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Table 8. Continued 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
93-3-1 (B104/95:2-3)-3-1 480 561 501 557 531 
94-3-1 (B104/95:2-3)-3-1 480 544 498 531 521 
95-3-1 (B104/95:2-3)-3-1 471 552 501 551 527 
97-3-1 (B104/95:2-3)-3-1 480 552 501 547 527 
98-3-1 (B104/95:2-3)-3-1 502 580 518 575 549 
103-3-1 (B104/95:2-3)-3-1 502 566 508 565 537 
104-3-1 (B104/95:2-3)-3-1 463 553 501 537 527 
106-3-1 (B104/95:2-3)-3-1 488 566 504 550 535 
107-3-1 (B104/95:2-3)-3-1 502 585 522 578 553 
110-3-1 (B104/95:2-3)-3-1 488 552 501 547 527 
113-3-1 (B104/95:2-3)-3-1 494 566 498 560 532 
115-3-1 (B104/95:2-3)-3-1 488 570 522 563 546 
116-3-1 (B104/95:2-3)-3-1 488 566 505 568 535 
117-3-1 (B104/95:2-3)-3-1 480 552 504 547 528 
119-3-1 (B104/95:2-3)-3-1 494 575 521 566 548 
120-3-1 (B104/95:2-3)-3-1 488 552 498 541 525 
121-3-1 (B104/95:2-3)-3-1 488 566 501 553 533 
136-3-3 (B104/95:2-3)-3-3 494 557 501 554 529 
137-3-3 (B104/95:2-3)-3-3 494 552 498 556 525 
139-3-3 (B104/95:2-3)-3-3 494 552 501 544 527 
140-3-3 (B104/95:2-3)-3-3 502 571 511 569 541 
141-3-3 (B104/95:2-3)-3-3 494 557 504 550 530 
144-3-3 (B104/95:2-3)-3-3 488 544 498 542 521 
149-3-3 (B104/95:2-3)-3-3 494 557 508 554 532 
154-3-3 (B104/95:2-3)-3-3 488 552 498 556 525 
156-3-3 (B104/95:2-3)-3-3 488 557 507 554 532 
168-3-3 (B104/95:2-3)-3-3 480 552 495 541 524 
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Table 8. Continued 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
169-3-3 (B104/95:2-3)-3-3 480 552 501 544 527 
172-3-3 (B104/95:2-3)-3-3 502 571 518 572 544 
174-3-3 (B104/95:2-3)-3-3 538 605 541 601 573 
175-3-3 (B104/95:2-3)-3-3 494 566 511 565 538 
179-3-3 (B104/95:2-3)-3-3 502 557 504 562 530 
185-3-3 (B104/95:2-3)-3-3 488 561 507 550 534 
188-3-3 (B104/95:2-3)-3-3 488 552 501 551 527 
190-3-3 (B104/95:2-3)-3-3 488 552 501 537 527 
195-3-3 (B104/95:2-3)-3-3 488 552 511 551 531 
196-3-3 (B104/95:2-3)-3-3 494 552 501 547 527 
197-3-3 (B104/95:2-3)-3-3 494 575 514 572 545 
198-3-3 (B104/95:2-3)-3-3 488 552 501 541 527 
201-3-3 (B104/95:2-3)-3-3 488 557 504 550 530 
202-3-3 (B104/95:2-3)-3-3 502 557 504 559 530 
203-3-3 (B104/95:2-3)-3-3 494 557 504 550 530 
208-3-3 (B104/95:2-3)-3-3 494 557 518 550 537 
209-3-3 (B104/95:2-3)-3-3 494 575 522 572 548 
212-3-3 (B104/95:2-3)-3-3 502 552 498 544 525 
214-3-3 (B104/95:2-3)-3-3 494 561 504 557 533 
219-3-3 (B104/95:2-3)-3-3 488 557 504 554 530 
220-3-3 (B104/95:2-3)-3-3 502 552 501 556 527 
221-3-3 (B104/95:2-3)-3-3 488 557 508 554 532 
222-3-3 (B104/95:2-3)-3-3 488 552 515 547 534 
223-3-3 (B104/95:2-3)-3-3 494 552 501 547 527 
225-3-3 (B104/95:2-3)-3-3 494 575 518 572 546 
227-3-3 (B104/95:2-3)-3-3 510 580 529 575 555 
234-3-3 (B104/95:2-3)-3-3 471 535 498 536 517 
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Table 8. Continued 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
236-3-3 (B104/95:2-3)-3-3 502 566 501 560 533 
237-3-3 (B104/95:2-3)-3-3 471 552 501 544 527 
240-3-3 (B104/95:2-3)-3-3 480 552 501 544 527 
241-3-3 (B104/95:2-3)-3-3 488 552 498 541 525 
245-3-3 (B104/95:2-3)-3-3 480 557 508 554 532 
249-3-3 (B104/95:2-3)-3-3 502 561 508 557 534 
250-3-3 (B104/95:2-3)-3-3 494 561 508 562 534 
251-3-3 (B104/95:2-3)-3-3 502 566 518 565 542 
257-3-3 (B104/95:2-3)-3-3 494 561 518 562 539 
263-3-3 (B104/95:2-3)-3-3 488 552 501 544 527 
264-3-3 (B104/95:2-3)-3-3 488 552 501 551 527 
279-3-4 (B104/95:2-3)-3-4 488 552 501 541 527 
280-3-4 (B104/95:2-3)-3-4 502 561 508 565 534 
281-3-4 (B104/95:2-3)-3-4 502 557 505 550 531 
284-3-4 (B104/95:2-3)-3-4 488 561 501 553 531 
285-3-4 (B104/95:2-3)-3-4 520 580 518 575 549 
287-3-4 (B104/95:2-3)-3-4 502 575 514 572 545 
297-3-4 (B104/95:2-3)-3-4 471 544 498 538 521 
298-3-4 (B104/95:2-3)-3-4 520 575 519 572 547 
302-3-4 (B104/95:2-3)-3-4 480 552 498 539 525 
303-3-4 (B104/95:2-3)-3-4 488 557 525 554 541 
304-3-4 (B104/95:2-3)-3-4 530 585 529 578 557 
309-3-4 (B104/95:2-3)-3-4 494 570 514 568 542 
313-3-4 (B104/95:2-3)-3-4 494 561 514 553 538 
315-3-4 (B104/95:2-3)-3-4 502 571 511 569 541 
316-3-4 (B104/95:2-3)-3-4 480 544 508 542 526 
317-3-4 (B104/95:2-3)-3-4 488 552 504 547 528 
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Table 8. Continued 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
320-3-4 (B104/95:2-3)-3-4 471 557 501 544 529 
327-3-4 (B104/95:2-3)-3-4 494 557 501 550 529 
328-3-4 (B104/95:2-3)-3-4 488 552 501 547 527 
330-3-4 (B104/95:2-3)-3-4 463 552 498 544 525 
331-3-4 (B104/95:2-3)-3-4 488 557 504 554 530 
335-3-4 (B104/95:2-3)-3-4 502 580 525 575 553 
336-3-4 (B104/95:2-3)-3-4 494 557 508 559 532 
337-3-4 (B104/95:2-3)-3-4 488 552 501 547 527 
338-3-4 (B104/95:2-3)-3-4 488 561 504 553 533 
340-3-4 (B104/95:2-3)-3-4 502 557 508 550 532 
341-3-4 (B104/95:2-3)-3-4 488 561 498 547 530 
344-3-4 (B104/95:2-3)-3-4 510 571 514 563 542 
347-3-4 (B104/95:2-3)-3-4 530 585 537 578 561 
350-3-4 (B104/95:2-3)-3-4 502 575 511 572 543 
351-3-4 (B104/95:2-3)-3-4 480 552 498 547 525 
356-3-4 (B104/95:2-3)-3-4 530 580 533 575 557 
357-3-4 (B104/95:2-3)-3-4 494 585 521 578 553 
360-3-4 (B104/95:2-3)-3-4 510 589 545 587 567 
368-3-4 (B104/95:2-3)-3-4 494 570 514 568 542 
370-3-4 (B104/95:2-3)-3-4 502 566 511 565 538 
371-3-4 (B104/95:2-3)-3-4 530 575 533 575 554 
372-3-4 (B104/95:2-3)-3-4 502 575 529 572 552 
374-3-4 (B104/95:2-3)-3-4 488 561 508 550 534 
375-3-4 (B104/95:2-3)-3-4 480 557 501 559 529 
376-3-4 (B104/95:2-3)-3-4 488 580 514 575 547 
380-3-4 (B104/95:2-3)-3-4 520 585 537 581 561 
381-3-4 (B104/95:2-3)-3-4 502 561 501 557 531 
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Table 8. Continued 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
382-3-4 (B104/95:2-3)-3-4 502 552 511 541 531 
385-3-4 (B104/95:2-3)-3-4 488 544 498 536 521 
387-3-4 (B104/95:2-3)-3-4 494 566 526 560 546 
392-3-4 (B104/95:2-3)-3-4 530 606 541 601 573 
396-3-4 (B104/95:2-3)-3-4 530 585 533 578 559 
399-3-4 (B104/95:2-3)-3-4 502 566 504 565 535 
400-3-4 (B104/95:2-3)-3-4 488 557 508 550 532 
414-3-5 (B104/95:2-3)-3-5 488 552 495 547 524 
416-3-5 (B104/95:2-3)-3-5 510 593 541 592 567 
417-3-5 (B104/95:2-3)-3-5 520 575 529 572 552 
418-3-5 (B104/95:2-3)-3-5 463 552 501 541 527 
431-3-5 (B104/95:2-3)-3-5 488 557 501 547 529 
432-3-5 (B104/95:2-3)-3-5 502 580 525 566 553 
435-3-5 (B104/95:2-3)-3-5 494 552 501 547 527 
438-3-5 (B104/95:2-3)-3-5 494 566 514 565 540 
439-3-5 (B104/95:2-3)-3-5 488 566 498 560 532 
443-3-5 (B104/95:2-3)-3-5 463 544 498 528 521 
447-3-5 (B104/95:2-3)-3-5 480 552 504 551 528 
450-3-5 (B104/95:2-3)-3-5 502 580 515 575 548 
453-3-5 (B104/95:2-3)-3-5 494 575 521 572 548 
457-3-5 (B104/95:2-3)-3-5 494 552 508 541 530 
458-3-5 (B104/95:2-3)-3-5 471 544 501 542 522 
461-3-5 (B104/95:2-3)-3-5 520 589 533 587 561 
462-3-5 (B104/95:2-3)-3-5 520 552 511 551 532 
463-3-5 (B104/95:2-3)-3-5 480 552 501 547 527 
465-3-5 (B104/95:2-3)-3-5 471 535 501 536 518 
466-3-5 (B104/95:2-3)-3-5 488 557 501 554 529 
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Table 8. Continued 
  Heat units to anthesis (GDD) 
  AAERC Curtiss Combined 
Plant  2002 2003 2004 20003 AAERC 
Code Pedigree F2 F3 F3 F3 203-2004 
467-3-5 (B104/95:2-3)-3-5 494 570 511 559 540 
469-3-5 (B104/95:2-3)-3-5 520 570 525 568 548 
475-3-5 (B104/95:2-3)-3-5 463 544 498 533 521 
477-3-5 (B104/95:2-3)-3-5 502 552 498 544 525 
478-3-5 (B104/95:2-3)-3-5 494 571 518 569 544 
479-3-5 (B104/95:2-3)-3-5 494 566 518 560 542 
481-3-5 (B104/95:2-3)-3-5 494 570 508 563 539 
485-3-5 (B104/95:2-3)-3-5 488 557 504 550 530 
486-3-5 (B104/95:2-3)-3-5 494 552 501 541 527 
487-3-5 (B104/95:2-3)-3-5 471 552 501 541 527 
488-3-5 (B104/95:2-3)-3-5 488 571 518 569 544 
490-3-5 (B104/95:2-3)-3-5 520 580 525 575 553 
496-3-5 (B104/95:2-3)-3-5 494 557 511 550 534 
499-3-5 (B104/95:2-3)-3-5 488 552 504 544 528 
500-3-5 (B104/95:2-3)-3-5 488 566 501 556 533 
507-3-5 (B104/95:2-3)-3-5 471 552 501 541 527 
508-3-5 (B104/95:2-3)-3-5 502 566 514 565 540 
509-3-5 (B104/95:2-3)-3-5 471 552 501 539 527 
510-3-5 (B104/95:2-3)-3-5 488 570 508 568 539 
511-3-5 (B104/95:2-3)-3-5 488 580 522 575 551 
512-3-5 (B104/95:2-3)-3-5 463 544 495 531 519 
519-3-5 (B104/95:2-3)-3-5 520 580 525 575 553 
521-3-5 (B104/95:2-3)-3-5 502 575 518 572 546 
523-3-5 (B104/95:2-3)-3-5 494 566 522 560 544 
524-3-5 (B104/95:2-3)-3-5 494 575 515 578 545 
529-3-5 (B104/95:2-3)-3-5 520 585 541 590 563 
531-3-5 (B104/95:2-3)-3-5 494 566 522 565 544 
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Table 9. Heritability estimates from parent-offspring regression analysis at two 
environments for popping expansion, expansion per kernel, and number of 
kernels in 10 g in a 95:2 x B104 maize population. 
 b1 and corresponding confidence interval (95%) 
 Popping expansion 
(ml 30 g-1) 
Expansion per kernel 
(ml kernel-1) 
Number of kernels in 
10 g 
AAERC, 2003 0.65 (0.61 – 0.69) 0.47 (0.42 – 0.51) 0.66 (0.62 – 0.66) 
    
Curtiss, 2003  0.66 (0.63 – 0.69) 0.47 (0.43 – 0.50) 0.67 (0.63 – 0.70) 
    
AAERC, 2004 0.71 (0.67 – 0.75) 0.60 ( 0.57 – 0.64) 0.54 (0.51 – 0.59) 
    
Combined AAERC, 
2003-2004 
0.85 ( 0.82 – 0.88) 0.80 ( 0.77 – 0.83) 0.77 (0.73 – 0.80) 
 
 
 
Table 10. Heritability estimates combined across environments for parent-
offspring regression and components of variance for three traits in a 95:2 x 
B104 maize population. 
 Parent off-spring regression Components of variance 
Trait Heritability Confidence interval 
(95%) 
Heritability Confidence interval 
(95%) 
Popping expansion 0.85 (0.82 – 0.88) 0.91 (0.88 – 0.93) 
(ml 30 g-1)     
     
Expansion per kernel 0.80 (0.77 – 0.84) 0.87 (0. 83 – 0.90) 
(ml kernel-1)     
     
Number of kernels in 0.77 (0.74 – 0.81) 0.86 (0.82 – 0.90) 
10 g     
 
 
 
Table 11. Heritability estimates from components of variance at two 
environments for popping expansion, expansion per kernel, and number of 
kernels in 10 g in a 95:2 x B104 maize population. 
 H2 and corresponding confidence interval (95%) 
 Popping expansion 
(ml 30 g-1) 
Expansion per kernel (ml 
kernel-1) 
Number of kernels 
in 10 g 
AAERC, 2003 0.89 (0.86 – 0.92) 0.86 (0.82 – 0.90) 0.81 (0.82 – 0.90) 
    
Curtiss, 2003  0.73 (0.63 – 0.80) 0.69 (0.59 – 0.77) 0.81 (0.74 – 0.87) 
    
AAERC, 2004 0.87 (0.84 – 0.91) 0.86 ( 0.82 – 0.90) 0.80 (0.74 – 0.86) 
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